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Dear Deep Trek Workshop Participant:

The Nationa Energy Technology Laboratory (NETL) and the Sandia Nationa Laboratories are
pleased to provide the proceedings of the Deep Trek Workshop held on March 20-21, 2001 in
Houston. These proceedings include the presentations made during the workshop and the breakout
sesson results that were developed for advanced smart drilling systems, drilling and completion
fluids, completion based well design, and drilling diagnostics and sensor systems. A list of
participantsis also included. We have attempted to accurately capture al the ideas, comments, and
consensus opinions generated during the workshop. If you note any omissions or wish to provide
additiond information, we welcome your comments.

We hope your organization isinterested in anew deep trek initiative that can result in collaborative
efforts to devel op the technol ogies necessary to reduce drilling costs and enhance the economics of
deep hydrocarbon resources. With thisin mind, NETL is adready taking steps to andyze the
workshop results and formulate a solicitation for immediate release should funds become available
for thisactivity. Further details and updates will be available at the NETL website:
www.netl.doe.gov. We hope that all stakeholder groups will use these proceedingsin their planning
endeavors as well.

Y our active participation in the workshop and the breakout work sessionsis sincerely appreciated.
Over 95 participants from more than 50 organizations representing various stakehol ders groups
provided awedlth of information and opinions. This collaboration among stakeholders groups will
undoubtedly accelerate the planning for advances in deep drilling technologies,

We look forward to your future participation in Deep Trek.

Sincerdy,
F3—+A T
Brad Tomer,

Product Manager

Gas Exploration, Production, and Storage
Strategic Center for Natural Gas

3610 Collins Ferry Road, P.O. Box 880, Morgantown, WV 26507-0880 < 626 Cochrans Mill Road, P.O. Box 10940, Pittsburgh, PA 15236-0940
REPLY TO: Morgantown Office







DEEP TREK WORKSHOP

EXECUTIVE SUMMARY

The Nationa Energy Technology Laboratory (NETL) and the Sandia National Laboratories
hosted the Deep Trek Workshop on March 20-21, 2001. The purpose was to gather stakeholder
input on the technology gaps and needs in the area of drilling and completing deep oil and gas
wells and how the DOE can collaborate with industry to meet these needs. Specific technology
chalenges and opportunities focused on drilling and completion fluids, completion-based well
design, advanced smart drilling systems, and drilling diagnostics and sensor systems. These
workshop proceedings include al of the speaker presentations and two appendices for the
breakout sesson products and the participant list. The proceedings are publicly available a he
NETL webste: www.netl.doe.gov, where CD-ROM ordering is dso available.

During the workshop, 96 participants from 53 organizations actively shared idess through
presentations and facilitated breakout sessions. In addition, the industry presenters gave detailed
liggs of their drilling needs for an R&D program. In the breskout sessions, structured
brainstorming and critical andysis were used to identify barriers and technology opportunities
and to prioritize collaborative actions. The workshop is expected to enhance dialog with
industry on how to develop strategic dliances among industry, academia, and governmen.

BACKGROUND

The limits of conventional wel congtruction technology are tested in drilling and completing

deep wells. The rock istypicaly hot, hard, abrasve, and highly pressured. The produced fluids
are, in many cases, corrosive. Control of well bore trgjectory and placement of casing and
cement are difficult problems. Today, it is tremendoudy expensive to drill at depths greater than
16,000 feet. For example, as much as 50% of drilling cost can be encountered in the last 10% of
the hole length in deep wells. 1t is not uncommon to encounter a penetration rate of only two to
four feet per hour at an operating cost of tens of thousands of dollarsaday for aland rig. It costs
millions of dollars aday if thislow penetration rate is encountered on an offshore location. In
deep formations the driller spends significantly less time on a percentage bass “ making hole’

than in shalower wells. Some ways to keep adriller “making hole” indude: reduce the number

of “trips’ out of the hole, increase bit and drilling assembly life, reduce corrosion/erosion effects,
and increase the driller’ s knowledge of what is happening downholein redl time. In addition, the
costs and problems of deep drilling get worse because drilling rigs have alimit on the maximum
depth, according to the weight, at which they are designed to operate. Since degper holes require
longer drillstring and casing and thus more weight, there are only alimited number of rigs
avalableto drill degp wdlls,

PROGRAM GOALS

The Deep Trek initidive is designed to develop technologies that make it economicaly feasble
to produce deep oil and gas resources. Deep Trek will focus on increasing the overdl effective
rate of penetration (ROP) for deep drilling. Thiswork will include high performance “ smart”
systems and materids for deep, harsh environments. Smart syssems will include advanced
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sensors cgpable of high temperature, high pressure operation to enable logging while drilling and
measurement while drilling systemsto operate. These systems will dlow the driller to anticipate
problems and significantly reduce the need to pull the drill string. New systems will be
developed to alow the data to be tranamitted to the surface in red time. High-speed data
transmisson isadifficult venture in the drilling environment and is much more problemétic in
high temperature, high pressure conditions. Advanced materias development will be aimed at
reducing weight, increasing resistance to corroson/eraosion, and integrating the data transmission
system. One of the goals of thiswork isto develop lighter, erosion resstant drilling and casing
gtrings, which would extend the depth capabilities of the exigting rig fleet rather than requiring
that new rigs be fabricated. Individua components will be developed first and then
demondtrated together in adeep drilling system. Perhaps the greatest need isto view the well
construction process from atotal systems perspective and to incorporate new information
technology in the process.

PUBLIC BENEFIT

In the recent Nationa Petroleum Council gas study, one of the leading frontiers for gas resource
development isin deep formations. Per EIA estimates, 7% of U.S. gas production in1999 came
from deep formations, thisis expected to increase to 14% by 2010. Without additiona
improvements in drilling technology, this deep gas resource will be developed primarily asa
result of increased gas price. The Situation is aggravated by the high and escalaing costs
associated with deep drilling. Thereis currently no technology based “light at the end of the
tunnel” to give hope for afuture solution.

Because lower gas prices will be essentid for economic growth, the investment in deep drilling
technology now is expected to have an order of magnitude payoff in future economic benefit.
Pressure for this benefit is seen with the increasing demand for gas while supply costs are dso
ecdating. Future gas demand increases are a so expected because it isthe “fud of choice” for
environmenta impact mitigation associated with electric power generation.  Current gas demand
estimates could prove conservative should additiona environmentd legidation be enacted based
on internationa agreements such as those currently being considered.

WORKSHOP BREAKOUT SESSIONS

Five pardld breakout sessons were held on the afternoon of Tuesday, March 20 and the
morning of Wednesday, March 21:

Advanced Smart Drilling Sysems — Group A
Advanced Smart Drilling Sysems — Group B
Drilling Diagnogtics & Sensor Systems
Drilling & Completion Huids
CompletionBased Wel Design

The scope definitions for these technica areas were bounded by the following target goals
(temperature aspects were noted in some of the groups):

Greater than 16,000 feet
U.S. onshore
Gas & ail
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Next 5-year action plan
Drilling completion & stimulation (DCS)

Through the breakout group sessons, participants identified:

Key barriers and issues to meeting Deep Trek,

Technical opportunities to overcome these barriers, and

Action plans identifying objectives, actions and products, resources and timeframe, and
collaboration opportunities.

A short summary is provided below for each technical areaand its top priority opportunity action
plan. Actud “storyboard” products for barriers and issues, opportunities, and action plansarein
Appendix A. Although only the top opportunities were scrutinized in detail, many other
important opportunities were noted for consderation. Each breakout group presented its results
in a concluding plenary session, but these presentations are not included due to the repetition.
Participants are listed in Appendix B.

RESULTS
Advanced Smart Drilling Systems — Group A

Two of the highest priority opportunities were redl time deta transfer and redl time deta
insdrumentation. Ther action plans were identical and began with formation of a committee of
government and industry personnd to spearhead the plan followed by studying the state of the
art and previous accomplishmentsin thisarea. The next steps included defining the problem and
gods, performing agap andyss, re-evauating the economics of existing technologies, and
consdering the end user needs. Additionaly, determination of the value-added is necessary
aong with identification of potential solutions followed by request for proposds (RFPS).
Industry should define the problem while government should hold workshops for data collection.
An equd partnership of government and industry is needed with additiona assstance from
universities. The government was identified as having connections for team formation.

Advanced Smart Drilling Systems — Group B

The highest ranked priority for this advanced smart drilling group was to develop arig operator
decision support system with an open architecture that is gpplicable to al wells. Four tasks are
needed: develop higher data rate telemetry systems, form consortium to define standards for

open architecture information sandards, develop logic dgorithms for drilling applications that
fuse red time downhole and surface data, and upgrade temperature and pressure performance for
sensors and eectronics while looking for other markets to support. All of these tasks will

involve some sort of industry and government or vice versa collaboration.

Drilling Diagnostics & Sensor Systems

The highest ranked opportunity for drilling diagnostics and sensor systems was downhole
diagnogtics drilling parameters including data validation, weight torque on bit, and state of bore
hole andysis. Actionsfocused on developing alow cogt, reliable, high accurate, and retrievable
tool while preventing bit damage. Resources needed include better ssismic while drilling,
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downhole processors, and better materids. Lead roles focus on service companies via JPswith
lab and university research development. Leveraging of fundswill be essentid.

Drilling & Completion Fluids

In order to optimize the fluid performance, the industry needs economic tests and smulators
developed so that they can determine drill fluid contribution to well-bore stability. Thiswould
aso help them evauate the mechanica/chemicd interaction of rock/fluid. This could be
accomplished through a collaborative effort with indusiry, the government, and universities.
Actions taken to reach a solution include defining the problem, developing a fundamental
understanding of the mechaniams, defining the congtraints, developing test procedures and
equipment, and field validation.

Completion-Based Well Design

The highest ranked priority for completionbased well design was the devel opment and
goplication of high-temperature, high-pressure sensors and information tools for drilling and
completion processes. Field tests of sensors, data ddlivery systems, and data collection and
analysis sysems are necessary. For example, current management while drilling (MWD) needs
to be robust. Expertise needs include high-temperature and high-pressure electronics, micro
devices, data transmission, and information technology. A neutrd but inclusive JP consortium
should leed this effort with service company involvement and a clear path to commercidization.
There should be balance cost shared funding across al critical pieces.

Thisgroup aso repeatedly noted a number of general issues and crosscutting topics. Thereisa
growing concern over the continued availability of the necessary technica expertise to gpply
advanced technology. What may be termed the expertise pipeline for new taent, as measured by
university programs and the flow of students, continuesto shrink. Thereisadso agenerd
industry tendency to focus more on the short-term benefitsin reducing up-front cogts of drilling

as opposed to maximizing the longer-term payoff of longer wdl life and greeter total production
from improved completion tools and techniques. In a generdly risk-adverse environment, it is
difficult to promote the use of new technology in field operations. The cost of fallureis
prohibitive, particularly in very costly deep wells. Another group mentioned technology test
underwriting, performance pricing, and exportabilty in their report out.

NEXT STEPS
NETL isaready taking steps to anayze the workshop results and formulate a solicitation for

immediate release should funds become available for this activity. Further details and updates
will be available at the aforementioned NETL website.
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DEEP TREK WORKSHOP

. Presentations

A. GAS EXPLORATION, PRODUCTION, AND STORAGE

Brad Tomer
National Energy Technology Laboratory, U.S. DOE
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Gas Exploration, Production, and Storage

Brad Tomer, Product Manager

Strategic Center for Natural Gas
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Strategic Center for Natural Gas
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Key Issue
Development of Federal Lands

-460 Tcf in low perm formations - 285 Tcf (60%) is on federal lands

Strategic Center for Natural Gas

Gas Exploration & Production
Program Goals

Near-Term: Recover more from developed fields
- Locate by-passed zones in conventional reservoirs

- Enhance stripper well production

Mid-Term: Exploit low-permeability formations

- Reduce drilling cost

- Improve success rates in finding gas

- Increase recovery efficiency

Long-Term: Encourage E&P of frontier resources
- Deep (>16,000 feet) gas

- Methane Hydrates

- Offshore gas
N=TL
Strategic Center for Natural Gas
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Partnership Approach

R&D conducted with various partners
- Industry (Maurer, Union Pacific Resources, Burlington)
- Other federal agencies (USGS, Energy Efficiency)
- National labs, universities and industry associations
Cost shared projects are common

- Field tests (independent producers)

- Development of technologies (service companies)
Technology transfer

- Cooperative agreements with commercializing partner

- Successful field demonstrations

- Petroleum Technology Transfer Council

fien —

Strategic Center for Natural Gas

Gas Exploration, Production, and Storage

B RESOURCE ASSESSMENTS - Quantifying the nature and potential of gas resources
B EXPLORATION TECHNOLOGIES - Enabling effective natural fracture detection
M DRILLING, COMPLETION, & STIMULATION - Reducing the costs and risks of extracting natural gas
® PRODUCTION TECHNOLOGIES - Maximizing recovery of gas from discovered fields

g E B GAS STORAGE - High deliverability for tomorrow’s high demand
Ay B METHANE HYDRATES - The next frontier in energy

~ |l||dub

Advanced ePge e
Conventional Concepts TR0 e

Storage Seafloor Stability
- Reduced

\ Climate Change
= Formation

Production Strategies
S Resources
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’Q“
g Strategies for Low-Perm Production \
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Strategic Center for Natural Gas

Reduction Secondary
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L atest Success Story

Project Specifics
- Union Pacific Resources (UPR) Company
- Rock Island #4 Well drilled in Wyoming
- Deep horizontal well (15,000 TVD w/1,700 ft horizontal)
- Greater Green River Basin (Tight Sand)
Results
- Production exceeded expectations (2.1 bcf in six months)
- Based on well's success, six more wells planned
- Gas bearing play covers 900 square miles potentially huge reserves
Project Demonstrates
- Successful partnership between industry and Government
- Successful crosscutting of several key program elements
- Deep gas; low perm; horizontal well; deep horizontal core

i:NETL
Strategic Center for Natural Gas

Drilling, Completion & Stimulation

Objectives
Faster
- New bit technology & slim hole
Deeper

- High temperature & pressure
- Develop smarter drilling systems

- Increase penetration rates in hard rock
Cheaper

- Reduce cost of drilling in shale, low-perm, & deep water

- Develop cheaper horizontal & multilateral wells
Cleaner

- Develop cost effective, environmentally friendly drilling
technologies to increase access to federal lands using a small

footprint.
i:NETL
Strategic Center for Natural Gas
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U.S. Deep Gas Resource

Need for deep gas is growing
- 7% of U.S. gas production 1999 - 14% in 2010
- Depths > 16000 ft below the surface

- Significant Deep Gas Resource

Rocky Mountains - >40 TCF

Mid-Continent - >28 TCF

Norphlet - >25 TCF

Texas Gulf Onshore - >20 TCF

Permian Basin - >15 TCF

N=TL
Strategic Center for Natural Gas

Deep Gas
Barriersand I ssues

Cost to drill and produce is extremely high

- High temperature, high pressure, extremely hard rock,
greatly increased trip time

Probability of success much lower

- High rate of dry holes (exploratory & development)
Inadequate geologic & reservoir information
Significant resource has access restrictions

- Example: rocky mountains

Industry R&D funding is at critical low

FY2000 DOE Gas E&P funding level is insufficient

=TL

Strategic Center for Natural Gas
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Ongoing NETL Activities

Resource Assessment

- USGS prioritization/evaluation effort underway

- Texas BEG evaluation of deep gas in shallow GOM
- Technology Development

- New drill bit technology (Novatek Mudhammer)

- “Smart” drilling systems

- Halliburton/Sperry-Sun, HTMWD & HTLWD
- New materials

N=TL
Strategic Center for Natural Gas

Revolutionizing the Drilling Industry

Microwave processing
- 30% stronger, less brittle, erosion/
corrosion resistant metals
- Diamond and tungsten carbide
can be formed together
- Advanced composite drill pipe =
- Half the weight of steel pipe i
- Potential for high speed data communication
High Performance Drilling Systems
- Jet assisted directional mud hammer
- Higher ROP for hard rock
- High pressure coiled
tubing drilling system
N=TL

Load at failure:
430 Ibs 320 Ibs

[ Microwave ] [ Conventional ]

Strategic Center for Natural Gas
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Deep Trek
Proposed Expanded DCS Program

- Potential Technology Areas
- Low friction, wear resistant materials & coatings
- “Smart” systems
- Advanced sensors/monitoring systems
- High performance drilling systems
- Program Elements
- Develop key components
- Demonstrate components
- Integrate & demonstrate entire drilling system

=TL
Strategic Center for Natural Gas

Deep Trek Planning Wor kshop

- Activities
- Obtain industry perspective
- ldentify key barriers & R&D opportunities
- Develop collaborative R&D action plan for next 2-5 years
- Breakout Sessions
- Drilling & completion fluids
- Completion based well design
- Advanced smart drilling systems
- Drilling diagnostics & sensors systems
- R&D Challenge
- Meet industry needs -Collaborative in nature
- System mindset -Product focused

izNETI.
Strategic Center for Natural Gas
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B. OIL OVERVIEW PRESENTATION

Bill Lawson
National Energy Technology Laboratory, U.S. DOE
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National Energy Technology L aboratory

Deep Trek Workshop
March 20, 2001

Oil Overview Presentation

Bill Lawson, Director |
National Petroleum Technology Office
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Oil Program Areas
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Advanced Cuttings Transport Consortium
r— il . |

University of Tulsa

Goals:
* Develop systems for drilling faster, deeper,
cheaper, cleaner and more accurately

e Develop innovative technologies and hardware to
decrease operational footprint

» Design advanced completion and stimulation
systems to improve well productivity

=TL

Advanced Cuttings Transport Consortium
[r— T

Benefits.
* Reduce drilling costs

* Minimize formation damage

* Lower environmental risks

* Reduce surface footprint onshore and off

* Improve access to culturally, environmentally

sensitive areas
izNETL
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Composite Materials Consortium

Composite Engineering Applications -
Center Consortium with Industry,
other Government Agencies, and
University of Houston

Purpose:

« Composite materials development and applications

Accomplishments:

« Supervising static electricity experiments in support
of development guidelines to address composite

materials static charge issues in conjunction with
Coast Guard

=TL

Composite Materials Consortium e

Accomplishments:
* Coordinated with MMS and Coast Guard to
certify composites for offshore platforms

* Conduct multiaxial experiments to establish
failure criteria and mechanics models for
design and analysis

* Eight papers presented in 2000

=TL
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Downhole Separation Systems

Problem:

» Surface handling of
produced brines is
costly and increases
opportunities for
contamination

Dirhve
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Downhole Separation Systems

Accomplishments:

provides good separation for feed streams
containing from 10 to 95% oil

degrade separator operation

=TL

* Technology increased oil production by 50% and
decreased surface water production by 95%

* Bench-scale tests show centrifugal separation

» Gas rates of up to 21% oil flow rates did not
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Problem:

Partners:

=TL -

Polymer Gel Treatment to @
Optimize Conformance

BEFORE GEL AFTER GEL
IRJECTOR PROCUCER: ILJECTOR PROCLCER

- Water-breakthrough during flooding significantly
increases operating costs ($100 million per year for
each 1 percent water production increase)

- Petroleum Research Recovery Consortium, BP,
Chevron

Objective:

Successes:

Polymer Gel Treatment to DY
Optimize Conformance

- Design polymer gel systems that selectively
reduce water and gas production during oil
recovery

ﬁ«_':n_recovered treatment costs in 8 months

- Gel treatments reduced gas and increased oil in
BP’s Prudhoe Bay field by 22,000 barrels per day

- Gel treatments decreased BP’s water production
by 19,000 barrels per day with no reduction in oil
recovery rates

- Gel treatments in Chevron’s Rangely field, CO
produced an additional 685,000 barrels of oil and

2K-1988 RB 9/00
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For moreinformation

- Check our Webpage at www.npto.doe.qov.
or www.netl.doe.gov

- Call our office at 918-699-2001

- Fax arequest to 918-699-2005

N=
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C. GEOTHERMAL DRILLING RESEARCH AT
SANDIA NATIONAL LABORATORIES

Sam Varnado
Sandia National Laboratories, U.S. DOE
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Geothermal Drilling Research
at
Sandia National Laboratories

Sam Varnado, Director
Infrastructure & Information Systems
505-845-9555
The Geysers, CA sgvarna@sandia.gov

2001

WMol Roch Haal Soerce

Drilling Research Program Focuses
on Reducing Well Construction Costs

... increasing the nation’s proven geothermal reserves and assisting
U.S. industry to expand the use of geothermal heat & power

Conventional Drilling:

— Develop technology for
reducing the cost of geothermal
wells by 25% or more

Advanced Drilling:

— Reduce drilling costs by
another 25% through
revolutionary developments in
technology

— Focus is on a Diagnostics-
While-Drilling system for
process monitoring and control

35% - 50% of a Geothermal Project Cost Is in Drilling and Completion

2
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Challenges of Geothermal Drilling

Geothermal Well at Imperial

Hard Rock Valley, California

— 35,000 psi compressive
strength

— Abrasive
— ROP < 20 ft/hr, Bit life < 400
ft.

Lost circulation
— 15% of well cost

— Large cracks (inches),
difficult to plug

High Temperatures
— T>600°F

SIEURVYEG

— # wells drilled per year <
0.1% of # Oil/Gas wells

— Few $for R&D

Reduction of Well Construction Costs
Requires a Multi-Faceted Program

Lost Circulation Control

Hard-Rock Drill Bit
Technology

High Temperature
Instrumentation

High Data Rate Telemetry
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Torque, (ft-bs)

Out-of-Cut (in.)

Hard-Rock Drill Bit Technology

Objective: Develop
technology to double
ROP and bit life in high-
temperature, hard-rock
drilling

Approach: Work with drill
bit companies and
researchers to improve
drag bit performance in
harder rocks through
modeling, materials
research and testing

Vibrational Instability Limits PDC Bit

Performance in Hard Rock

7000 —
|

-~ |
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Sandia is Advancing HT Electronics
for Downhole Applications

Developing a simple unshielded data logger for 300°C
- lComponents are presently becoming available for a 250°C data
ogger
Developing new HT batteries for 150° C to 300° C operation
Sharing information with American industries, HITED (High-
Temperature Electronics Downhole)
Supporting SBIR initiatives for new 300° C components
— Capacitors, large valued >10uF
MEM inclination sensors
— High accuracy clock references
High accuracy pressure
Pressure/Temperature tool
Developing HT, long-life fiber optics for sensing and downhole

communications applications

We Are Testing Electronics At 300°C

- 83Cs1 Initial testin '
Mlcroprocessor

“Glue Logic” Temperature
(54AC373, Sensor Circuit
54ACO00) (HT 1104 Op. Amp.) ||

32 Kbyte SRAM

The above ;
Joe Henfling

circuit . i
d trated : \ tested this first
Glsr-tralc o ¥l circuit to 300°C

at HITEN 98 FIY T | without failure.
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Prototype Data Logger Goes in Barefoot

Geothermal Well 8/04/1999

< 100 P/T tool ran 48 hrs at 240°C

250

200 during log without heat-shielding

150
50‘00 lO!IJOO 15000
Depth (Feet) SRAM Processor

100

50
0

Temperature

Voltage Regulators Oscillator

High Data Rates Are Needed To
Improve Drilling Efficiency

WOB and Torgque While Bouncing Off Bottom
at 7orpm & 30klb

Tkl
WOB

30kl
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Acoustic Telemetry Can
Increase Data Rates

Acoustic Telemetry Sound waves travel
Ciowrn-+Hole through steel pipe and can
e i be used to transmit data

= Temparsiurs

These acoustic systems
use frequency bands
devoid of drilling noise

Drill pipe threads and tool
joints do not block these
signals

Two-way communication
does not depend upon the
condition or presence of
drilling mud

Diagnostics-While-Drilling System

.. Provides the driller with instantaneous status of downhole tools
and conditions so that drilling performance can be maximized

Driller
Optimizes drilling
process using real-time
data

DWD System Consists of:
- Driller
- Drilling Advisory soitware Drilling Advisory Software

Data Reduction, Analysis, and
Display

High-Speed
Data Link

MWD Tool
P, T, WOB, torque, acceleration,
magnetic field, inclination, etc.

- Measurement While
Drilling Tool
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Advanced Technology

Deployment of

Three, 1-Axis IMEMs Fiber Optics

Accelerometers

Challenge:

Can this survive this?
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Intelligent Micromachines:
Keys to “The Next Silicon Revolution”

Miniature mechanical systems with micron
feature sizes

Batch fabricated with no assembly required
Exploits microelectronics infrastructure

Common technology base for sensors,
Actuators, and Electronics

Spinning Mass Micro-Gyro

Hybrid MEMs, 2-Axis Gyro w/ Flip-chip Electronics

electrodepattern - closed loop suspension & rebalance

(mirror image t (¢ (capacitive sensing/electrostatic actuatiorygsis
- synchronous electrostatic spin motor ; —

sense/suspend/rebalance 2
electrodes (4x) 2 ‘- ™

€

spin electrodes (6x) X
rotor, x.x mmdia

+— _ microelectronics
L —" subsrate

precisionspacer 2-Axis Micro-Gyro Goals
conductive vias <10 deg. / hr. bias stability
> 1,000,000 RPM spin rate
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IMEMs Accelerometer Deliveries

Three, 1-Axis IMEMs Accels in Triad , 9/99
- Delivered to IDF telemetry flight

- 2 micron poly (Sandia design)

- 100 mg performance class

- + 10 g full scale

1.6 cu.in., 50 gram

One, 2-Axis IMEMs Accel in PGA, 12/99

- Delivered to EFI telemetry flight FTU-17

- 6 micron poly (U.C. Berkeley design)

- 2 mg performance class

- + 10 ofilliERagC 0.7 cu.in., 15 gram

One, 3-Axis IMEMs Accel in LCC, TBD
- Future delivery ?
- 6 micron poly (Sandia design)

- 500 mg performance class 0.1cu.in., 1gram
- + 10 g full scale
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D. MADDEN DEEP UNIT MADISON WELLS
FREMONT COUNTY WYOMING
CHALLENGES & WISH LIST

Robert Soza
Burlington Resources
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Madden Deep Unit Madison Wells

Fremont County Wyoming
Challenges & Wish List

Robert Soza
Drilling Engineer
Burlington Resources

Deep Trek Workshop
March 20-21, 2001
Houston, Texas

Challenges

Deep -- +/- 25,000’ -- +/- one year to drill

Large holes required for casing strings

Crooked hole potential — shallow to +/-12,000’

Hole stability issues with improper drilling fluids

Fast drilling in large hole size requiring good hydraulics

Slow hard drilling from 10,000’ to TD

Tight hole clearances for casing strings

Overpressured and depleted formations from 5,000’ to 24,000’
Heavy casing strings — 2 strings over 1MM Ibs

Special rolling of most casing strings

Hot -- +430°F BHST

Corrosive gases in the production stream -- +12% H,S +20% CO,

Deep Trek Workshop
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Wellbore Sketch

Burlington Resour cesBighorn 56
Madden Decp Unit Fremont County, WY
Sec 6 T38N REOW

Formauon%J
WindRiver
ut

3537 Waltmen

5830 Lwr Rt Uripn

*Theseare minimum OD's Max OD
could be +1%

**Theseare sandard OD'sand Max
OD oouid be +1% = 14204°

11330 Contr La
U Cretaoy

4
13586’ Mesteetste

W

15480 MesaVerde

15472 Fles

179L8‘ 1% Shannon,
18010 2"Shannor4
18556 3 Shmnun

20706‘ cahse

St s Froa
21608 vaw L Cr etggaus

5220 Moo Jur s
' Gypaum Spings -Tfiassc

24575 Madison Lime- Miss
2469 Madison Dolomite:
Robert Soza.
Last Revised  05/08/2001

Where Do We Spend Our
Time?

e 320 days thru running production liner
» 60 days on plateau — 19%
e 260 days drilling/tripping — 81%

— 5143 drilling hours — 214.3 days = 82.4% of drilling days
= 67% of total days

— 1097 tripping hours — 45.7 days = 17.6% of drilling days
= 14% of total days
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Technology/Operations that
Work on Madison Wells

» Downsized the hole vs. prior wells

» Diesel OBM

» Dirilling large hole with bent motors

» Slow speed high torque motors

» PDC bits in 17 ¥3 16", and 12 ¥ holes

» Long heavy casing strings with swaged connections
» Stabberless casing running

» Foam Cementing in one stage from 15,000’

» Diamond impregs and turbines

» Reverse circulation cementing on 24,000’ string of casing
* Monobore well design

» Use of CRA liner and tubing string

» Clad tubinghead and tree

Technology Wish List

* Whatever is done to improve technology for deep wells needs to be simple and
have as few moving parts as possible — no moving components is excellent —
i.e., we prefer fixed cutter bits to tricones due to less moving parts

* Large Diameter 17 ¥416” Hole Section to 15,000’

— More durable slow speed motors
i.e., stator improvements
— Tougher PDC bits —to drill sand/shale sequences
— Cost effective straight hole drilling device
We try to keep our holes under 1° deviation from surface to 15,000’
* Intermediate Hole Section 12 ¥4 to 21,000
— Durable slow speed high torque motors — stator improvements
— Tougher tricones — metal to metal seals, gage protection, etc.
— More aggressive diamond impregs
Cutting structure and hydraulics
Impregs designed to cut shale and sand sequences at higher penetration rates
— More effective lost circulation/well control strategies
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Technology Wish List (cont)

Deep Hole Section 9 Y2and 6 ¥2hole from 21,000 — 25,000’

Higher torque turbines — But transmissions mean more moving parts

More aggressive diamond impregs for sand/shale sequences
Cutting structure and hydraulics

More durable diamond impregs for sand sections

Cementing techniques for long string

Real time data manipulation between offset data, rock compressiv e strengths,
PVT data, formation 6” ahead of the bit, etc.

Aggregation techniques vs. paper how

Ways to slim deep holes

Reduce the casing to hole clearances —i.e., run 11 Ziliner in 12 Y2hole or manufacture non
standard casing sizes (14 1/8” OD with a 12 ¥4 ID, 10 7/8” OD wi th a 9 ¥2ID) to allow
standard size bits to be used. Effective if hole stability is not an issue. If a casing string
could be run that did not require cementing, i.e., the casing had a mesh, external coating that
could be activated downhole and provide the annular seal —the above issues could be
resolved and allow us to downsize holes - i.e., drill faster.
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E. DEEP TREK PRESENTATION

John Shaughnessy
BP
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Deep Trek Presentation — Summary .-':}m
John Shaughnessy, Drilling Engineer, Houston i-. L

* BPisactively drilling deep wellsin Louisiana.
» Highinterest in improving ROP deep.
» Most of time spent in deepest part of well.

* Troubletime (NPT) islargest factor inwell’s
ultimate cost.

» Most trouble time occurs deep.
* Most trouble is associated with bit trips.

» Reducing bit trips has a multiple effect on the
ultimate well cost.

|mproving ROP % L

» Over 50% of rig timeis spent in the last 10%
of the hole.

 Drilling faster directly cutsrig time and saves
money.

* |t aso cuts down on the number of bits
required so the benefits are multiplied.

» Most problems are associated with trips.
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Drilling Time Curves Showing High

Percentage of Timein Deepest Part of Well
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Where can drilling engineer impact cost? ::::} bp

 Location costs are driven by the area.

» Casing Points are set by pore pressure.

» Casing sizes are driven by flow requirements

» Rig size and capability driven by casing and
depth.

» Impact cost with ROP.

How Impact ROP? {:} bp

» Bit Selection

» Hydraulics— more pump, more flow rate,
bigger drill pipe

» Overbalance against the formation (or under-
balance)
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well.

Cost Driven Basin

* Improving ROP cuts well costs
* Improvescycletime

 Driving costs and time down improves the
economics — fewer reserves are required per

{:} bp
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F. DEEP DRILLING PROBLEMS

William Maurer
Maurer Technology
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Deep Well Drilling Time Breakdown
(GRI Report, 1990)
Maurer A Noble Drilling S
p - N Corporation Subsidiary TROUBLE TIME_ 5:09%

4.00% TRIPPING
TESTING & 21.88%
LOGGING
6.79%

Deep Drilling Problems WAITTIVE

2.70%

BOP CONDITION MUD

Dr. William C. Maurer 3.40% 5.19%

REAMING
DOE Deep Trek Workshop 250%
Houston, TX
March 20, 2001
DRILLING,

TT01-26 TT01-26 48.45%

E==] Deep Drilling Concept Rankings E==beep well Drilling/Completion Problems
(GRI Report, 1990)

Ranking Problem Cause

Low drilling rates Hard rock, chip hold-down
Short bit life Abrasive rock, impact loading
Slow trips Deep wells

High casing costs Multiple strings, deep wells
Motor failures High temperature

MWD failures Vibrations, high temp

High drilling cost Large rig, low ROP, casing
High Pressure Jets . - "
Casing While Drilling Casing wear Long drilling time
Explosive Drills

Thermal Drills
TT01-26 TT01-26
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Ejeep Well Drilling/Completion Problems
(Cont.)

Problem Cause
Mud thermal degradation ~>350°F

High mud ECDs Small holes, long intervals

Poor cement bond Poor mud displacement

Lost circulation High cement density H igh -Power Motor
Cementing liners Sealing lap joints

Packer failures Small diameter, high temp

Corrosion High Temp, CO,, H,S

Underbalanced Drilling Gas compressibility

TT01-26

E DOE High-Power Motor Design DOE Motdr bin

Stronger Bearin Increased Rotor/Stator
and Shaft t K Interference

Stronger—/ Additiona%—\
Universal Stages

TT01-26
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E Motor Performance Laboratory Drilling Rates
Comparison DOE Slim Hole System

CarthageMarble]
3.3/8” Motors
110 GPM

4 3/4” Bit

(=]

Horsepower
Drilling Rate (ft/hr)

[
(=]

(=]

1500 2000 2500

. Conventional DOE Motor
Differential Pressure (psi)

Motor
TT01-26

Hybrid PDC/TSP Bits

TT01-26

Deep Trek Workshop 40 March 2001



Cutter Wear Volume vs. Rock Volume Removed
20 rpm, water cooled, Sierra White Granite,
0.06 in. DOC, 0.08 in/rev feed rate

Leuders Limestone
3in. Bits
10,000WOB

800 rpm

60 gpm
Atmospheric

Roller

2000 4000 6000 8000 10000

TT01-26 Rock Volume Removed (cc)

Catoosa
Test Site
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Hybrid Bit After Drilling “The Wall”

- F
e O
ol R o
F
o

N P . -
.~

TT01-26

=] Field Drilling Rates == Comparison to Offset Wells

60
« 3 3/8” Motor

a1
o

Footage Drilled/Bit

Drilling Rate (ft/hr)

Offset 1 Offset 2 Hybrid

I Conventional DOE Motor -
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Advanced Geothermal Turbodrill (AGT)

Bearing Pack Y Speed Reducer Y Turbine

_— EES———

High Power Geared Turbodrill &

TT01-26

Planetary Gears

Ring Gear "

TT01-26
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Fverar [ Mrmirer | -
E VECTOR OIL TOOL Turbodrill Performance

|Owith Gear Box
Wl Without Gear Box

Speed Reducer Shafts and Gears

Rotary Speed Torque

Plane| Gow (RPM) (ft-lbs)

TT01-26 TT01-26

Drilled Rock Sample

TT01-26
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= = 3 i
12 1/4” Carbide Roller Bit Ad (T - d.‘_'“,.k s
Texas Pink Granite vance ; nma Urb.O I.’I ¢ ke

. ﬁ, Field Test %

SRR

Drilling Rate (ft/hr)

LANL AGT
Turbodrill Turbodrill

Christensen Bit = Peak Drilling Rates

Conventional TUBODRILL

TT01-26
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e rmr

Geothermal

ulti-Lateral Well

Natural Fractures

TT01-26

==

Lightweight Mud

LIGHT WEIGHT
MUD

HOLLOW SPHERES

TT01-26 TT01-26

Deep Well
Lightweight Mud
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E Particle Sizes in Unweighted,
Water-Based Mud

(After Bourgoyne Jr. et al, 1986)
MICRONS

! Small |
Bentonite | Hollow "
» Spheres '{

SILT FINE COARSE |GRAVEL
SAND SAND

Solids Percentage

&= Mud Returns

Lightweight Cement

TT01-26

TT01-26
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E===] Foam Cement Photomicrograph Lightweight Cement

TT01-26

Eightweight Cement Compressive Strengths ghtweight Cement Water Permeabilities

1600 1T T T ]
Base: Class H Cement + 0.1% Diacel LWL,
Class H Cement 5.2 gal water/sk; 15.6 Ib/gal
Foam: 1.5% Halliburton Foam Additive +
3 0.75% Halliburton Foam Stabilizer
‘.I Foamed and Cured at 1000 p5| N,

) 10 ; 11 12 13 14

TT01-26 Slurry Density (Lb/Gal) / TT01-26 Density (Lb/GaI) *NMF = No Measurable Flow

i
N
o
S

&
5}
S

Compressive Strength (psi)
©
o
(=)
Water Permeability (md) 220°F - 48 Hours
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=

' High Pressure Drilling Mechanism

High Pressure CT Jet Drill

PDC Cutter

TT01-26

A - S F,
e s OO

- ﬁ.‘{" H|g._.r‘l_.P__ressu_re_h Motor

10,000 psi

Deep Trek Workshop 49 March 2001



e rmr

Hec Aol

CT High Pressure Jet Drilling Rate
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D
[}
o

Conventional High Pressure

Motor Motor n@m

I~ Tubing Barite Scale
Removal

T High
Pressure Jets

|+ Barite Scale

Advanced Coring System

TT01-26

Advanced Coring System

Mud Pulse Telemetry

Real-Time
Core Height Measurement

/ Full Closure Valve
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Real-Time Core Height
Measurement

Control Electronics
Receiver
Transmitter

Inner Barrel

<— Quter Barrel

[6fe] =]

TT01-26

TT01-26

Il— Core Bit

Mud Pulse Telemetry

-<+—— Safety Joint

=

Thrust Bearing

I.i il

i i Pulser

/ Flow Restrictors
E Control Electronics
nﬁ Receiver

i

|

{«—— Inner Barrel

' <+—— Quter Barrel
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G. PERSPECTIVES ON DEEP DRILLING TECHNOLOGY:
CONCERNS AND CHALLENGES

William von Eberstein
Shell Exploration and Production Company
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Perspectives on
Deep Drilling Technology:
Concerns and Challenges

William von Eberstein
Senior Drilling Superintendent
Shell Exploration and Production Company

Deep Trek Workshop
March 20-21, 2001
Houston, Texas

Drilling and Completion
Fluids

Gas Hydrate Inhibition (additives)/remediation — Problems associated with
connectors and well control

Deepwells +25,000’ in ultra-deep water

Fluid HTHP vs. HT, LT, HP combination of ultra-deep water environment — riser
effect (radiator)

Loss circulation material innovations for severe cases

Water base muds with stable rheology, lubricity, high ROP

SBM with stable rheology, lubricity, temp and inhibition which will pass minimum
toxicity requirements of NPDES . LAO replacement—Degradation requirements
must be met by new regulations

Minimum cuttings retention properties and equipment to recover base at<6-8%
Drill in fluids for horizontals wells (drilling/completion) with exceptable properties
(i.e., low solid brines with high density, stable properties (TCP) in DW
environment of low temp/high temp/pressure/low temp, environmentally friendly
— salt saturated

Cement technology — high angle hole plugs —slurries more tolerant of
contamination
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Well Designs

HPHT motors/turbines with minimum pressure drop with shock
absorption

Bits for hard/abrasive rock (bi-centers and/or reamers)
HP swivel packings to 7500 psi
Light wt. risers for drilling and production

Side-tracking technology utilizing non-metallic materials which
meet design criteria (burst, wear, collapse, compression)

BHA modeling and drillstring vibration determination

Moorings in ultra-deep water (+5000’) — support vessels (lc.
Lavney) critical ops

Deepwell — well control and prevention — expandables STE
Pore pressure measurement real time

MWD Technology

Quality Control/Assurance of all technologies and equipment
HPHT tools (+25,000 psi, 350 temp) — with shock resistance

Data transmission contingencies (w/o pump to recover recorded
data)

Rotary Steerable systems that are reliable

Reliable surface controlled expandable stabs/reamers for hard
rock application

Capacity to handle flow rates of +500 gpm
Large hole size sonic tools

Hole caliper data for large holes

Seismic ahead of bit (reliable)

Enhanced kick/flow detection. Capability to determine fluid type
(gas, water oil).
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Wire Logging

* New systems to replace drillpipe assist for high angle
deep wells (i.e., self propelled tools)

Well Design

e SSSV for HP
* CRA for HPHT wells

* Multi-lateral HPHT wells with valves seals reliable at
HP

* New technology/process for Pre-well design pore
pressure determination (l.e., VACT inaccuracy
common and expensive)

» Dual gradient drilling (SSPS)

» High pressure SSWHS and trees (+25,000 psi)
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Other

Proven Handling equipment for 750 ton — slips/elevators
Large bore wellhead designs for additional casing contingency
SSPS (subsea pumping system) — Dual Grad mud systems

New design completion equipment to accommodate compact rig
designs for drilling/completions/well interventions

HP Pressure marine riser designs (l.e. 1500-2000 psi) for ultra
DW applications (l..e, well control, gas in riser, subsea
completions)

Mud motors — capable of shock absorption, high torque

Government support for road improvements and waterways to
logistics staging points to increase logistics efficiency

New drilling PDC bit designs for hard rock.
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|. ADVANCED SMART DRILLING SYSTEMS — GROUP A

NAME

Participants

Advanced Smart Drilling Systems - Group A

ORGANIZATION

Buddy Bollfrass
John H. Cohen
Gary Collins
Don Duttlinger
Betty Felber
Michael Fripp
Leonard Graham
Craig lvie

Jeff Jean

Arnis Judzis*
Ray LaSala

Jm Ledlie

Roy Long

Hum Mandell
William Maurer
Bill Motion

Jay Muthusami
Hans Neubert
Dennis Nielson
John Peters
Mike Prairie
Bob Radtke

Earl Shanks

Bill Stringfellow
Bil Thedtke
Ajay Verma

Bill von Eberstein
Glen Warner
Steve Williamson

Fereidoun Abbassian

BP

Ocean Drilling Program

Maurer Engineering

Conoco, Inc.

PTTC

NETL/NPTO

Halliburton

National Energy Technology Laboratory
Schlumberger Drill Bits

ACPT, Inc.

TerraTek

U.S. Department of Energy
ACPT, Inc.

National Energy Technology L aboratory
NASA Johnson Space Center
Maurer Engineering

Sperry-Sun Drilling Systems
Knowledge Based Systems, Inc.
ACPT, Inc.

DOSECC, Inc.

Chevron Petroleum Technology
Sandia National Laboratories
Technology International, Inc.
Transocean Seoco Forex

Hydril Advanced Composites
Technology International
Knowledge Based Systems, Inc.
SEPCO

Chevron Petroleum Technology
Omsco Industries

*Report out presenter

FAcILITATOR: AliciaDalton, Energetics
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What AretheBarriersto Cost Effective Deep Drilling?

Advanced Smart Drilling Systems— Group A

TEMPERATURE INFORMATION SKILLSAND | PRESSURE ROP RiG CosTt TUBULAR OTHER
TRANSMISSION AND | PERSONNEL LimiTs
ELECTRONICS MATERIALS PROCESSING
- Temperature - Temperature - Telemetry and down hole - NoHPHT - High - Rock strength - Drilling rigs - High cost of - Drill string/ Tool - Identification of
issues issues power training pressure - Bit technology designed for rotary steerable reliability fluid entries and
- Sealsfor tools - Sealsfor o0 . Personnel in effect on - No aggressive shallow holes systems < character
- PDM tools - Lack of real timedrilling strong price seals drag bitsfor SODDO0 - Cost- - Drill string - Drilling fluid
reliability - PDM data “time” . Lost hard rock - Flow rates effectivenessof drilling in long technology
- Sensors reliability DROAD DDA D b Dk Dk D D) . Access to circulation COO000 required (tool materialsfor wells Rheology
- Silicon - Sensors 900 drilling o 000 damage) harsh - Long drill high/low
technology (IC's | . High - Limited knowledge of engineers - Pore . Low ROP - Hydraulic limits environments strings temperature &
etc.) (with temperature down hole drilling o0 pressure - ROP last o0 o0 - Vibrations (drill high pressure
respect to drilling motors conditions(real time) . What doesa ahead of 10-20% of hole - Power delivery - Economics (for string dynamics) [x)
MWD) OO00 o0 drilling bit . ROPincrease isdifficult T*N lower rate wells) CO0000 - Logistics
- MWD limit - High - Low datarate, no “real engineer need o0 X2 to justify or Q*P .- DW cost SOO000 Marine/Air
195°C LWD temperature time” capability togodeeper, | - Swivel cost effective rigs + Drill string/ . Difficulty in
limit 175° C = tools 000 faster, packings | . Hard rock (outside GOM) Casing wear testing tools
Smart drilling o0 -+ Limited down hole data cheaper max 5800 performance - Too many - Holeangle/ OOOO0U
depth limited - Lackof - Need to understand the . Resistance to psi (e.g. ROP) casings drilling severity | - Too many
- Lack of high materialsfor down well environment change - High . Multipletrips . Current toolstoo control/ obstructionist
temperature motors at high better pressure o expensivefor measurement rules,
electronics temp erature e ) drilling - Rock variability land operation (limit fatigue/ regulations,
o000 - Motor failure at - Low/no speedreliable 2- system 20 (need smart bit) and don’t always wear) cost environmental
- MWD sensors high way communication ksi or - Longtriptimes cut costs effective regs, partners,
which will temperatures downhole greater . Bi-center bit . Tool reliability | - Hightubular etc.
surviveextreme | - Lackof + Down holemonitoring ° technology CO0O00 weights at deep
environments development of < - MWD depths
o0 high temperature | - Large amount of datato pressure o0
polymers and be handled limitations
resins - Highratedata - High
SO00000 transmission from bit to pressure
- High surface
temperature OO0
battery (low - Datarate for up/down
cost, too) holeto allow knowledge
o0 of conditions and control
. Cementing at (wired drill pipe)
high - Poor information about
temperatures formation (ex. Pore
. Stable high pressure)
temperature - (Reliability) Signal/
packer elements Power across drill pipe
joint
- Measurement of in situ
conditions (pressure,
temperature, pore fluid)
- Lack of reliable, low
cost, miniature
signal/power receiver/
sender
o0
- Subsurface hazards (e.g.
depleted zones)
@ = Votefor priority topic.
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Advanced Smart Drilling Systems— Group A
What Arethe R& D Opportunitiesto Overcomethe Barriers?

impact resi stance of
PDC and TSP cutters

- Soften rock with
ultrasonics before
drilling

- Combination roller
PDC bit
<

- Optimize hole section
drilling performance
(ROPvs. life of bit)

- “Morphing drill bit”
optimizesitself for
different formations

- Constant WPB sub

OTHER

- Train personnel
- Database for deep
drilling technology

batteries

- Nanotechnology

Sensors

- Alternatives to steel

for drilling string and
casing — lighter, more
corrosion resistant

- Develop new

materials for more
aggressive drag bits

- More wear resistant

materials for tool
joints

- Motorswith less

reliance on elastomers|
but with high torque,
moderate rpm

- Improved component

supply (electronics)

deep drilling
OO00
- Low speed turbodrills
- Improved inspection
of drill pipe and BHA
tools

“wired” tubing/drill
pipe

- Testing fund or JIP
- Joint industry and

government
“materials’ research
program.

- Joint industry

commitment to
specific financing
tech costsi.e,,
commercial
commitment
(Al A

- Tool joint

development for
“smart” inclusions
[x)

- Field demo’s of high

tech/cost solutionsfor
low budget/land
applications

within thedrill string

- Drilling systems with

vibration control for
use with drag bits
SO0

- Controllable vibration

dampeners

- Drill string attenuator
- Passive and active

vibration control
[x}

- Measurement of

vibrations along drill
string

- Vibration absorbing

materials
DAL AL DA A

- Develop cost effective

smart systems to
recognize vibrations
down hole and
eliminatethem

- Combined motor

shock absorber

to optimize drilling
process
QOO0
Q00

- Develop high

information
transmission
technology
LA AT

- Electromagnetic data

transfer
<

- Seismic whiledrilling

QOO0

- Develop MWD drilling

system

- Diagnosticswhile

drilling
<

- Real time data/power

transmission through
drill string

- Down holeintelligence
- Develop high rate data

system that is
transparent to therig
operation and high
temperature

- Develop real time high

datarate transmission
and processing system

- Down hole processing

of data

- Seismic interpretation

for pore pressure

- Pore pressure gamma

sensors doable

- Real time software

applications
- Rigsiteanalysis
- Pressure control
= Well control
Closed loop drilling
(real time
data/control) to
optimize bit/motor
use

rig design drillings system &
equipment
DOOIVOOD
DAl DA
- Long wearing, impact
resistant drag cutters
DAL TA L D]
- Smart drilling pipe
OOOVTOD
OO0
- Faster drilling
- Thermally stable
diamond cutters
- Bitswhich can be
rotated at higher rpm
in abrasive/ hard rock

SO0

- Matched bits and motors

- New seal initiative

- 7500 psi mud seals are doable

- Develop deep HPHT drilling
rig

- Rigwith high pressure
capabilities
D)

- Improved deep hole vibration
monitoring

- Reduce weight of drill string

- Monobore well design
<

- Laserdrilling

- Synthetic diamond
technology for longer lasting
PDC bitsin hard rock

<
- CWD
- Casing drilling
- Line-while-drill

<

- Adaptivedrill tool to alter bit
dynamics

- Matchrig, hydraulic system
drill string & data
transmission to improve deep
well ROP “Look at total
system”

ROP MATERIALS BEST PrACTICES/ JIP VIBRATION Down HoLE SYSTEMS AND TEMPERATURE
TECHNIQUES DATA/INFO INTEGRATION OF TOOLS
- Increase wear and - Polymer electrolyte - Best practicesfor - R&D work on - Vibration dampeners | - Real timedrillingdata | - Optimize system approachto| - Cool the mud to reduce

effective down hole
temperature

- Increase temperature

capability of materials
[}

- Hi temperature

electronic component
development
SO0

- Limit temperature

transmissionto down
string fluid flow
[x)

- Silicon-on-insulator

electronics
Q00

- Develop high

temperature composites
DADADATA DA DA Dk Dk Dk k)

- High temperature PDM
- Develop high

temperature
MWD/LWD systems
around new 250°C
Honeywell chip

- Develop high

temperature polymers

- Develop high

temperature electronics

- Sensors & electronics

designed for HTHP

& =Votefor priority topic.
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Advanced Smart Drilling Systems— Group A

What Actionsto Take Advantage of R& D Opportunities?

OPPORTUNITY

ACTIONS

LEADERS

COLLABORATIONS

RESOURCES

PRIORITY #1 -

Real Time Data
Transfer

Committee of government and industry formation to spearhead
State of the art (accomplishments)

Define problems/goals

Gap anaysis

Re-evaluate economics of existing technologies

End user needs consideration

Determine value added

Identify potential solutions

RFPs

Industry — Define problem
Government — Workshops
for data collection

Government/Industry
(50/50)
Universities

Government — Connections
for team formation

PRIORITY #2 -

Real Time Data
Instrumentation

Committee of government and industry formation to spearhead
State of the art (accomplishments)

Define problems/goals

Gap andysis

Re-evaluate economics of existing technologies

End user needs consideration

Determine value added

Identify potential solutions

RFPs

Industry — Define problem
Government —Workshops
for data collection

Government/Industry
(50/50)

Universities

Government — Connections
for team formation

PRIORITY #3-
Optimize System
Approach to Rig
Design Drilling
System and
Equipment

Capture operations’ needs
Integration

Define purpose

Identify critical components
Economics and contracting strategy
Review KTB approach

Review KTB results

Optimize ROP

Testing/Verification (test drill)
Assurance program

Commercialize

Outside industry perspective and possibilities
Demondrate (field test)

- Laboratory testing

- Modeling

Publications

Lobby

Incentives

Rig operators and
contractors

API, IADC, etc.
Operators
Government

Operatorsinvolved in
planning, R&D, and
solutions

Rig Operators
Contractors

API

IADC

Operators
Government

Service

Non-traditional JIP-Wdl
commitment
Government

- Funding

- Demonstrations

- Upgrades

- Team formation
Contractors — Rig
Operators — Well

Deep Trek Workshop
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Advanced Smart Drilling Systems— Group A

What Actionsto Take Advantage of R& D Opportunities? (continued)

OPPORTUNITY ACTIONS LEADERS COLLABORATIONS RESOURCES
PRIORITY #4 - Identify limitations of current equipment University Operators for testing Operators — Data
Optimize ROP - Reliahility Gov_ernmer_lt' _ Operators W_ith suppliers Qil companies —Modeling
including Trip Time - Life Testing facilities Everyone with DOE data _ .
(Added by group) - Material Tool manufacturers Motor and bit companies

- Performance - Data
Identify cost benefits - Hardware
Gather data on various applications - “Know-how”
Monitor and optimize drill string design (real time)
Bit to surface modeling
Study and improve hydraulics
Lab testing
Under balance drilling
Innovative drilling systems
Deep Trek Workshop A-5 March 2001




II. ADVANCED SMART DRILLING SYSTEMS — GROUP B

NAME

Participants
Advanced Smart Drilling Systems - Group B

ORGANIZATION

Dave Bacon
Ansgar Baule
Robert Coats
Blaine Comeaux*
Mahlon Dennis
Mark E. Freeman
Ali Kadaster
Jay Klassen
Mike Pavelka
Jim Schumacher
John Shaughnessy
Damir S. Skerl
Robert Soza
Bob Stayton
Sam Varnado

Chevron

Baker Hughes Inteq
Baker Hughes Inteq
Sperry-Sun

Dennis Tool Co.
Russlink Energy
Anadarko

NEY RFOR Turbodrilling
Kerr McGee

Texaco

BP

SDCI-Houston
Burlington Resources
GTI

Sandia Labs

*Report out presenter

FAcILITATOR: Phil DiPietro, Energetics
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Advanced Smart Drilling Sysstems— Group B
What AretheBarriers(Tech, Business, Market, Others)?

ROCKS GET HARD
(Low ROP)

HicH T& P
25 kPsi, 400-600 F

LARGE HOLE SIZE
(buE TO
TELESCOPING)

Do NOT SEE
WHAT'S GOING ON

INEFFICIENCY OF THE
CONVEYANCE OF ENERGY
FROM SURFACE TO ROCK

FACE

MISCELLANEOUS

High cost of failure
Ability of service
company to capture
R&D benefits

High ROP = low
service company
revenues

Difficult to test
equipment

Lack of longer term
R&D funding by the
industry

How do we handle
commercial tool
patents, competition
with DOE funds?
Durability (capability)
versus cost
Technology transfer

Vibration induced
failure of bit cutters
and BHA components
No mud hammer with
aweighted mud

Bit technology
suitable for all
formations

Variation of the strata
Gear reduction for
turbines (cost,
reliability)

Safety concerns
associated with UBD
(under-balanced
drilling)

Materials
requirements versus
availability
Temperature
limitation of
elastomersfor PDMs
(positive displacement
motors

HTHP designs and
testing for MWD and
motors

ROP
Volume of waste

High-temperature
Sensors

Higher standpipe pressures

Sloughing of the
hole

Deep Trek Workshop

A-7

March 2001




Advanced Smart Drilling Systems— Group B
What Arethe Technology R& D Opportunitiesto Overcome Barriers?

MECHANICAL AND MATERIALS

Do NOT SEE
WHAT'S GOING ON

Rocks GET HARD

LARGE HOLE SIZE
(TELESCOPING)

HIGH TEMPERATURE AND
PRESSURE

PDM motor with metal/ceramic
seal

OO0

Seals that can withstand 25 kpsi
SO000

New swivel packing for 7.5 kpsi
SO000

Rig operator decision support

system

- Correlations between surface
data & downhole

- Look ahead of bit

- NASA-type sensors

DCOATA DA DA DA D D D)

High temperature electronics and

sensors that will work downhole

DCOADR DD DA D D )

Formation-blind drilling

apparatus (small diameter bits)

DCOADA TR D DA DA D k)

Under balanced drilling
(replacement for conventional
BOP systems, fluids that will
change phase w/ choke pressure)
SOOOO00

Better metallurgy for bits
(microwave treatment)
SO009

Slim hole: adaptation of mining
technology and procedures

D)

Integrated motor/vibration
dampener

Dcli)

“Different” rock destruction
concepts (laser, hp water)

<

High-temp shock absorber

<

Drilling fluid or process that
“cases’ hole as you drill

SO00

Capability to drill astraighter
hole (steerable drill)

<

Conventional slick casing with an
expandable chemical coating —
eliminate need for cement

Continuous well cooling
SO0
Insulated drill pipe

@ =Votefor priority topic.
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Advanced Smart Drilling Systems— Group B

5-Year R& D Action Plan

ProbucTt NEEDED

TAsks To DELIVER PrRoODUCT

WHO DOES?

1 Rig operator decision support system
Open architecture
Applicableto all wells

Form coalition to define standards for information systems
Develop logic algorithms for drilling operations. Two
options, either think downhole or bring raw datato surface
Develop higher rate data transmission (e.g., acoustics,
transistor in mud, fiber optics)

Upgrade temperature and pressure performance of sensors and
electronics (look for other markets that could use similar
technology in order to increase the production volume)

Industry / government
Industry / government

Government / industry in advisory role

Government / industry

2 High temperature electronics and
sensors that will work down hole
>400°F, 25,000 psi

Develop basic HT electronic components
Develop HT batteries
Develop appropriate sensors

Govt./academia/industry (advisory)
Govt./academia/industry (advisory)
Govt./academia/industry (advisory)

3 Formation-blind drilling apparatus Screen/assess existing innovations, equipment, methods, Government subsidizes industry-led field tests
designs, and materials
Develop new concepts Industry lead / government provide accessto basic science
and military technology (Petroleum Technology Transfer
Council)
Establish independent clearing house for arms-length Government - no commercial royalty tie-insor lock-outs
evaluation of new concepts
4 Develop new methods for well Provide seed money for concept devel opment Government / industry

control that will enable safer UBD
drilling in high-volume and high-
pressure wells

5 Mechanical components and
materials for HTHP applications

PDM motors with better seals

Develop swivel packing w/ 7,500 psi rating

Develop seal s for numerous downhole components that can
stand 25 kpsi, 400-600°F, and exposure to corrosive
chemicals

Transition from unit pricing to performance pricing

Government / industry. One approach isfor industry to
fund an employeeto work at anational lab for a6-month
or longer rotation

Industry (internal)
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[1l. DRILLING DIAGNOSTICS & SENSOR SYSTEMS

Participants

Drilling Diagnostics & Sensor Systems

NAME ORGANIZATION
Jim Albright Los Alamos National Lab
Perakath Benjamin Knowledge Based Systems, Inc.
Craig Cooley Ussynthetic
Roger Entralgo Energy Research Clearing House
Bill Hauser MMS
Richard C. Haut Halliburton Deepwater
Sudhendu Kashikar Schlumberger
Buddy King Nobel Eng. & Dev.
Jack Kolle Tempress Technologies Inc.
Tom Laylock Marathon Qil
Keith Millheim Anadarko Petroleum Corp.
Mike Nero Weatherford
Randy A. Normann Sandia National Laboratories
Jack Pruitt Halliburton Security DBS

Steven P. Rountree
Roger L. Schultz

Prime Directional Systems
Halliburton Energy Services

Gene Sparkman Energy Research Clearing House
Charles Thomas INEEL

Brad Tomer NETL

Paul Tubel* Tubel Technologies

Eddie Wright Texas A&M/ODP

Jiang Wu Chevron Petroleum

*Report out presenter

FAaciLITATOR: Kevin Moore, Energetics
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Drilling Diagnostics & Sensor Systems

What AretheBarriers/Issues (Tech, Business, Market, Others)?

RELIABILITY AND |INDUSTRY CULTURE SENSORS FORMATION BiTs AND BHA DATA LIMITATIONS Cost
CAPABILITY MANAGEMENT AND
COLLECTION
Reliability of Lack of common Military High pressure, high Bits to handle Lack of data People resources Component cost
sensors and agenda to attack componentsshaing|  temperature rock soft/hard rock transmission ability training effectiveness
electronics problems Exploit new sensor mechanics combinations (downhole) Lack of new deep Small diameter
High temperature Resistance to technology (understanding) Bit vibration and Real time data iron systems— 2 inch
(kills electronics) change Lack of industry Deep multi-laterals control analysisand Older rig Prototype high
Motor life (low) Need “out-of-the- knowledge of (drilling and Unknown downhde|  application equipment testing costs
Motor diagnostics box thinking component 4C completion) drill string, BHA, Data management Daily drilling and
Long term reliable Heisnot here. Sensor usage - Casing collapse bit actions and integration equipment cost
electronics systems|  How could he help?| . System high power | - “Safe” drill and Event recognition Data overload vs.
Intelligent wells consumption produce gas More durable bit data presentation
permanent sensors Downhole power simultaneously cutting structures for informed
Eliminate electric capacity and life Multiple pore Torque decisions
cablesand Pressure while pressures per well measurement Data standard
hydraulic lines for drilling Geo-steering capability protocol
completion What measurements | - Do not know if we Real time data
reliability too low are the priority have deep gas monitor form a
Motor/BHA (drilling) Measure of cutting remote location
pressure drop too Look ahead of the remove/hole How do we use the
high Bit cleaning drilling diagnostic
Pressure limited Deep geo steering data— apply it to
High-temperature, Formation change what?
long-term sealing evaluation

technology (leskage
through welds,
elastomer failure)

Under balance
Formation damage
during drilling
Drill motor/bit
Sensors
requirements
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What Arethe Technology R& D Opportunitiesto Overcome Barriers?

Drilling Diagnostics & Sensor Systems

RELIABILITY AND SENSORS FORMATION BiTs AND DATA INDUSTRY Cost LIMITATIONS
CAPABILITY BHA MANAGEMENT AND CULTURE
COLLECTION
Sensor system Improved sensor Deep core taking Active downhole Standard data DH New industry Tiny tools Algorithms real
shock isolation specification more capability vibration control and SRF gathering growthtoinfluence| - Low cost time display to
Electronic robust o0 QOO0 (standards) change disposable MWD increase learning
assemblies for high DDk ) Correlate formation Downhole “closed DXDkDa Dk Expose oil tool rate
temperature Seismic while to cores loop” systems Datamining and companies to new Reduction of flat R
(>350°F) drilling sensors Formation o0 fusion technologies time while drilling Increase multi-
environment solder,| - Develop bit status tester/sampler while | - Short hop (XA Risk sharing < disciplinary groups
boards, etc. and condition drilling communicationsfor | - Faster data Drilling using New super-deep
SOODOOO00 Sensors bit data transfer transmission media casing modern drill rigs
Develop new 0000 Models of rock (e.g., fiber optics) ROP enhancement|  (like was done for
elastomers Downhole 4D comminution Algorithms high program DW)
All “metal” motor§ ~ seismic X speed/RT data (%) )
] < Make tougher analysis
More efficient Fiber optics sensors (stronger) bits o0
motors and MWD logging o0 Downhole
o0 SOOO0 diagnostics drilling
Multizone Downhole seismic parameters
hydrocarbon flow source DCOADA DA DD DA DA Dk o)
control 000 Composite drill
o0 Real Time (RT) pipe or coiled
Equipment health pore pressure tubing with data
monitoring and SOOOO0 lines
predictive Knowledge capture
maintenance and sharing lessons
DCDADATA) learned
Logging tool o
robotic carrier in Genetic algorithm
horizontal well based drilling
New type of programs
batteries/power RT well remote
supply —long lifein monitoring
high temperature S00
SOO000
High efficiency
(low power
consumption)
electronics
Dcli)
& =Votefor priority topic.
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Drilling Diagnostics & Sensor Systems

What Actionsto Take Advantage of R& D Opportunity?

OPPORTUNITY WITH DETAILS AcTIoNs PRobucTs TooLs RESOURCES LEAD ROLE COLLABORATION TIME/$
PRIORITY #1
Downhole diagnostics drilling Industry performance baseline by basin Industry training and drilling Service company via JIP Leveraging
parameters High accuracy directional drilling tool objectives Ocean drilling program
- Datavalidation Low cost retrievable tool - Better seismic while drilling Industry collaboration
- Weight torque on bit Disposable small diameter tool Coring while drilling Test facility
- State of BHA Drilling reliability tool Better materials, e.g., diamond Lab, university consortia
- Motor Dp, T, RPM System integration bearings Small business involvement
- Bit cutting structure Bit on bottom? DH processors DOE - deep drilling data base
- Wear state Standards for rig instrumentation and | - Memory tool non-retrievable
- Temperature design
- Loading Better sensors for better understanding
- Gasinwdlbore of rock properties
- Equivalent circulating density Prev_ent bit damage
- Interpretive algorithms Cutting structure
- Straight hole? = Condition?
- Ishole being cleaned?
- What kind of rock drilling?
PRIORITIES #2 and #3
Electronic assemblies HT >350°F Micro-machine sensors - Weapons programs Government/labs with defense Sustainability?
environment High speed OP-AMP 10 MHz Rto R| - Academia research industries
New type battery/power supply-long single supply - National labs Existing industry via DOE/JIP
life in high temperature Small scale refrigeration Government/government foreign —
- 225°C EE PROM Caps 100 nf 100 volt United States
- DP FPGA 225°C
- 225°C SMPS 90% efficiency
PRIORITY #4
Real time pore pressure Seismic while drilling DEA 119, 135(?) Associations, universities
- What isreal time? Operating procedures to react to RT Geoscience physics community
- Drill at balance continuously pore pressure
Volume of cuttings
Gasin well bore measurement tool
Mud density analysis
Automate kick detection and control
Delta flow measurement capability at
surface
PRIORITY #5
Active Downhole Vibration Control Closed loop Aerospace industry DOE/DEA
- Measure and interpret Procedures to get out of it IFP (French) Geothermal
- Bit whirl Initial detection signal recognition Academia
Modeling of event “synchro” Labs
Instrumentation of drill string Small Business
When to use turbines and/or PDM
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V. DRILLING & COMPLETION FLUIDS

Participants
Drilling & Completion Fluids

NAME ORGANIZATION
Dave Burnett GPRI-A&M
Don Dreesen Los Alamos National Laboratory
Allen Gault* Conoco
Aston Hinds Halliburton Company
Fersheed M ody Halliburton Energy Services
Keith Morton Chevron
Eugene Pollard Ocean Drilling Program - TAMU
Wayne Stewart Drilling Specialties

*Report out presenter

FACILITATOR: Brett Humble, Energetics
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Drilling & Completion Fluids
What AretheBarriers?

GENERAL TOPICS

Rheology (Hole cleaning, cuttings transport, gel strength @ temperature change)
Bean Counter’srules

Depleted formations

Gas solubility

Corrosion control in heavy brines (zinc based, greater than 400 degrees F)
Damage to production zone by fluid

Water based Mud (WBM) performance equal to Synthetic based Mud (SBM)/Oil based Mud (OBM)
Inadequate lab testing capability

Lubricity —torque and drag in deviated holes

Interdisciplinary communications problems

Rheological stability with temperature change

Formation damage (reverse circulation drilling, open hole from bottom up)
Cuttings transport (reverse circulation drilling)

Mud weight determination with gas cut—BHP

Time off bottom is high

Thermal stresses

Temperature stability of WBM at 300 degrees F and greater

Federal/State regulations

High pressure (greater than 18 Ib/gal

Well bore stability (lost circulation)

Hard rock abrasion wear to bits

Ability to define environment — comp strength, shear strength, fracture, pore pressure, abrasivity. Geology
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Drilling & Completion Fluids

What Arethe R& D Opportunitiesto Overcome Barriers?

DisPoSAL/WASTE TREATMENT

FLuiD DEsIGN

FLuID TESTING/OPERATIONS

Develop approved disposal method for material from well
operations
SO000

Develop method of modeling to capture the
mechanical/chemical interaction of rock/fluid
SO000

Develop WBM that mimic performance of OBM
SO0

Develop non-damaging completion fluid that haslow fluid loss
o000
Develop a quick way to measure fluid compatibility with

formation

S0

Mineral oil invert — salt saturated weighted mud with thermal
stability 3 500 degrees F

Reversible WBM/Invert —L ubricity — ROP — Regg/Legs
Design of an economica ROP vs Fluid & Temp & Pressure Test
Procedure

Devel op method/procedure to determine formation composition
from nuclear logs (chemistry, reactivity, type of mud)
Develop advanced synthetic muds — thermal-regs/legs-ROP
DF-Filtercakes that enhance cement bonds

Sdlf-sealing DF systems (Removal of LCM from fractures)

Develop economical tests & simulators for drill fluid
contribution to well-bore stability

SOOOOY

Real-time Rheology & Chemistry (surface first, down-hole
later)

Dl )

gnoder-balanced drilling — high volume degassing
Rheology as a function of time pressure & temperature
Develop a method for quickly testing cuttings

@ = Votefor priority topic.
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Drilling & Completion Fluids

What Actionsto Take Advantage of R& D Opportunity?

# PRODUCT/DELIVERABLE ACTIONS WHO DOES/LEADS COLLABORATIONS SCHEDUL E/RESOURCES
1 Develop economical tests & Define the problem (no lead, only collaboration) Industry/Gov't & Multi-year
simulators for drill fluid Develop fundamental Universities > $1,000,000
contribution to well-bore understanding of
stability mechanisms in order of
priority
Define constraints
Develop test procedures &
equipment
2 Develop environmentally Evaluate regulatory issues | (no lead, only collaboration) DOE/National Labs assess | Multi-year
approved method for disposal Identify materials included legacy > $1,000,000
of well operations materials in disposal Industry/Universitieswork
Propose alternate treatment with regulatorsto develop
methods guidelines (include
Test/demonstrate methods stakeholders, NGO's)
to gain regulatory
acceptance
3 Develop modeling to capture Verify results from product | (no lead, only collaboration) Universities/Industry 2-3 years
the mechanical/chemical #1 > $500,000
interaction of rock/fluid Model should be able to
reproduce resultsfrom # 1
Field validation of model
4 Develop WBM to serve as Define constraints Service companies/industry Chemical 2-3years
alternativesto SBM/OBM Determine who is doing Industry/Universities Multi-million
what
Conduct lab testing to
determine viability
Identify potential for field
evaluation
5 Real-timerheology * & Identify what propertiesof | Oil & gasindustry Utilize expertise from other | Multi-year
chemistry (surfacefirst, down- fluid you want to measure industries/National Labs | Multi-million
hole |ater) Identify best sensors
Propose prototype
measurement system
Test prototype
*Need to utilize circulation chipswhich can be placed in fluids and circulated to obtain measurements
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V. COMPLETION-BASED WELL DESIGN
GROUP PRODUCTS

The generd change to the group was to: —
“Discuss the interplay between the drilling Participants :
: Completion-Based Well Design
and completion process, aswdl asthe
Optl mlze-d desgn of caang md NAME ORGANIZATION
;:on;]plﬁt_ltcm proga:ns malt:jlds nﬁjg(; Dave Borns Sandia National Laboratories
_OI’ Ig emper u € CO PIEIONSWI Daniel Bour Halliburton Energy Services
identified, dong with high-temperature : .
ert: and cament p| ent Eddie Cousins Conoco
cem . . . E_CEI n Dan Gleitman Halliburton Energy Services
techniques.” Given this change, the group Shawna Hartman* Chevron
devel oped three prOdUCtS: John Morgan Burlington Resources I nternational
) . Ron Sweatman Halliburton Energy Services
Barrl ers tO COQ- df&tlve d@ Wdl * Report out pr esenter
sysiems,
Technology opportunitiesto FaciLITATOR: Jim Carey, Energetics

overcome these barriers, and
Action plansfor five priority R&D topics.

The group firgt brainstormed on the barriers to achieving cost-effective sysems. Theissues
generated were then grouped into logica categories. Three mgor technica areas were
identified: well integrity, data acquisition and qudity, and drilling processes and equipment. In
addition, three non-technical areas were identified: regulatory issues, the availahility of technical
expertise, and technology risk. The complete results are shown in Table 1.

Based on these barriers, the group brainstormed on technology opportunities. The topics
identified were then grouped into six genera topic areas. Smulation, materids and fabrication,
tools and techniques, sensors and data management, human resources and expertise, and risk
management. The group then voted on priority topics and the complete results are shown in
Table 2.

After voting, the top vote-getting topics were aggregated into a set of five priority topics for
which action plans would be prepared. A sixth topic, risk andysis and risk sharing, was deemed
acritica cross cutting issue for the other five.

Thefive topics were asfollows:

Develop and gpply high-temperature, high-pressure sensors and information tools to
drilling and completion processes.

Accelerate development of tubular solutions.

Develop downhole solutions to surface production problems.
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Optimize longevity of welbore through numerical analyss of wellbore and completion
systems.

Develop (cheap) enhanced sedants and placement techniques.

For each topic, the group identified products/ddiverables, resources (knowledge and expertise),
who leads/collaborates, schedule, and dollars. Table 3 presents the complete results for the
action plans.

In addition to the products shown in the tables, there were a number of generd issuesand
crosscutting topics that were repeatedly noted during discussions.

Itiscritical to view completions as an integrated part of well planning and design in order
to assure productivity over the entire wel life cycle.

Thereis generd industry tendency to focus more on the short-term benefitsin reducing
the up-front cogts of drilling as opposed to maximizing the longer-term payoff of longer
well life and greater totd production from improved completion tools and techniques.

In agenerdly risk-averse environment, it is difficult to promote the use of new
technology in field operations. The cogt of falureis generdly seen as prohibitive,
particularly in very costly deep wells. For example, there are existing new tools/
techniques that have been developed but not yet applied.

There is growing concern over the continued availability of the necessary technica
expertise to apply advanced technology. What may be termed the “ expertise pipdine’
for new talent, as measured by college and university programs and the flow of students,
continuesto shrink. For example, in one of the companies represented in the group, only
9% of the technical workforce are less than 30 years of age.

Thereis the need to consder “blue-sky” technology options that could provide
revolutionary approaches to completion tools and techniques. Part of developing these
options would be to examine and adapt developments (e.g., in eectronics and
information technology) from outside the oil and gas indudtries.

Bringing in technical expertise from outsde the “typical” oil/gas world capabilities (e.g.,
reservoir engineering, geotechnica) can both facilitate the use of new technology and
prevent “reinventing the whed.”

Perhaps most importantly, in any technology development there is the absolute necessity
for technology devel opers to understand the real-time needs and problems of fidd
operaions and personnd. This particularly true for any “blue-sky” efforts to be
successul.

Tables 1 through 3 follow.
Tablel. Bariers

Table 2. Opportunities
Table 3. Action Plans
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Completion-Based Well Design
Table1l. What AretheBarriersto Cost-Effective Deep Well Systems?

WELL DATA DRILLING PROCESS/ TECHNOLOGY TECHNOLOGY REGULATORY
INTEGRITY AcCQUISITION/QUALITY EQUIPMENT RiIsk EXPERTISE
Cement durability: cyclic Handling/analysis of large Float equipment for reverse | - Absolute necessity needed Lack of technology Waste handling

pressure and temperature

stress failure

Well integrity during and

after drilling

- Bore hole stability —
tensile and compressive
failure

- Crossflows

- Casing damage

- Leaking annular gas:
short- and long-term

Corrosive environment

(high-cost tubing)

Thermal stability of cements|

Compaction-induced
failures:

- How to assess

- Mapping

- Mechanisms

- Completion methods
Equipment production
durability

- Hard rock,

- High temperature,
- High pressure,

- Corrosives
Limitations in stimulation
processes/ procedures
Flow assurance

amounts of data

Understanding of down hole| -

conditionsin real time
Accurate temperature
prediction (geothermal
cementing)

Datacost component of
project

LOT/FIT procedures and
interpretation
Insufficient data

- Well testing

- Production data
Isthere truly areservoir
grade petroleum system
down there?

circulation cementing
Rig design to achieve faster

trips reeled pipe for example

Cement placement:
- Challenging well

conditions limit cement | -

placement with

conventional methods
- Possible solution:

reverse cementing
Productive time on bottom

versus non-productive time

Long-term well reliability
vs. up-front drilling $

High-temperature electronic |

components (lack of)
When you get there do you

end up with a“usable” hole |

size?

Lost circulation
- Mud losses
- Wsdl control

- Too many casing strings| .

Additives

- Cement and fluids
Borehole optimized for
production not just ROP
1:1 drilling/compl etion cost
ratio

for innovation

Lack of $ for high-risk
efforts

Knowledge of existing
technology by operators
State-of-the-art not brought
to state-of-use practice
Access to existing high-
dollar technologies
Contractor-customer
interface can restrict
advances in technology
Conservative decision
makersin drilling role,
culture

High well cost limits testing
opportunities

Difficult to prove how more
up-front cost can prevent
long-term problems, i.e.,
slow degradation of zone
isolation causing loss of
hydrocarbons to other zones
Zero tolerance for error
Data quality needs

development personnel
expertise

Lack of folks for the future:
education/training pipeline

Use of synthetic materials
Produced fluids

Risk-based decision
analysisislacking
Annular gasregulation (gas
migration)
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Completion-Based Well Design
Table2. What Arethe Technology Opportunitiesto Overcomethe Barriers?

SIMULATION MATERIALS AND TooLS AND SENSORS AND Risk HUMAN RESOURCES AND
FABRICATION TECHNIQUES DATA MANAGEMENT EXPERTISE
MANAGEMENT (CROSSCUTTING TOPIC) (CROSSCUTTING TOPIC)
Wellbore stability Membrane technol ogy Develop technology to Data collection ahead of Dollarstoreducerisk of lost| - Potential solutionsin
optimization using wellbore downhole to eliminate increase borehole pressure drill bit investment in developing Russian technology
numerical models corrosives integrity < new technology for API and government joint
o0 o0 o0 Integrated and robust sensor domestic drilling problems: development of Best
FEA (finite element Downhol e separation/ Develop reverse circulation and telecommunications Deep, high temperature, Practices
analysis) of well integrity injection tools (e.g., fiber opticin high pressure, etc. Web-based training
over production life o0 < composite tubing casing) Risk based safety/ Research programs for U.S.
Expandable Ductile cements to resist o environmental analysis graduate students
Coupled modeling of P, T, metal/resilient/metal liner HT/HP High-temperature smart <
chemical stress effects on hangers < completions (sensors, Subsidize technology testing
wellbore materials D) Reverse cementing actuators) risk
Develop well/cat integrity Develop and apply non- o0 OO0
models for casing stress and metal tubularsfor corrosive | - Annular seal design— Well database analysis to Provide large tax incentives
failure HT environment “cementless’ wells find and prove key factors for providing break-through
Optimization of well design Develop and validate BHCT|  (root cause and causal technology solutions to
for production through - Composite materials models effects) industry
simulation 9 _ S S Level out swingsin price,
Better manufacturing Underbalanced drilling: Integrated data and people equipment cost
processes—tubulars HT/HP and deep water information systems (data Relating value of data
Develop insulated Jet/impact drilling—no mining) analysis techniques
(temperature) drill pipe Bit/no trip o0 (management/technical
Bit replacement without Leak-off flow path interface)
tripping characteristicsanalysisand| || eace new acreage with tie
Cost efficient, operations |~ Measurement to development plan and
friendly reservoir tests for Real time 3-D imaging of data acquisition plan, not
improved data hole while drilling just money
High-temperature
components for
MWD/LWD
Computer-assisted drilling
operations
Cheap deep water well test
systems
Bi-center bit and
expandables
© = Vote for priority topic.
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Completion-Based Well Design
Table 3. Action Plansfor Priority Topics

ToriC ProbucTs/ RESOURCES (KNOWLEDGE WHo LEADS/ SCHEDULE DoLLARS
DELIVERABLES AND EXPERTISE) COLLABORATION
Devdop and apply high- Field test: Expertise in Neutral but inclusive; 5 years Not cheap
temperature/high-pressure - Sensors - HT/HP electronics JIP, national lab Cost-sharing
sensors and information - Datadelivery systems - Micro devices consortium Balanced funding across
toolsto drilling and - Datacollectionandanadysis| - Datatransmission (optical | - Include service critical pieces
completion processes systems and others) companies
(7 votes) - Show relisbledatastreams | - Information technology - Must beclear path to
over time - Field experience is critical commercialization

E.g., make current MWD more| - Do not limit to current industry - Pay attention to

robust knowledge “Hand-off” to

E.g., permanent sensorsin commercialization/

wellbore for well / completion service companies

stability/ longevity

E.g., data management (data

mining)
Accelerate development of Temperature-resistant Materials science JIPs Staged commercial products |- $50 million over 5 years

tubulars solutions
(corrosive, DEEP, HT, HP)
(5 votes)

composite tubulars (T, P,
stress)

Expandable systems (e.g.,
monobores, cementless
systems, self-sealing systems)
Embedded sensors/ data
conduits

- Metalurgy

- Composites

- Sensors

- Microdevices

Draw from outside

- Learning curve is moving

- Multiple with more
than oil/gas industry

- “Blue-Sky”
component with
national labs

(e.g., some things are
already in development)

Develop downhole solutions
to surface production
problems

(4 votes)

Develop reliable downhole HT | -

separators (for water, gas,
corrosives as well as for
asphaltenes, hydrates, etc.)
Develop formation injection
systems

Smart systems for monitoring
and control

Electronics
Processing sciences
Chemical engineering
Geomechanics
Reservoir engineering

State-of-the-art istrash; | -

thus national lab led
effort (with industry,
university, service
companies)

Lab for fundamentals,
then > JIP, service
company lead

Transfer of first results (lab

-> JIP, service companies)

in 3years
- But do not rush it

$10 million over 5 years

Optimize longevity of
wellbore through numerical
analysis of wellbore and
completion systems

(4 votes)

Develop and validate
Numerical analysis tool:

modules for existing backbones| -

Expert systems for real-time
decision support of drilling and
completions

- Modulesto fit with existing

systems (backbones)

- Open access

- User-friendly

- Datafriendly

Import expertise in

information technology

Earth sciences

Combine with thereal field

users

- Couple strong math
background with field
reality

- Coordinate/integrate with
existing backbone folks

Over-arching JP

- Know current
backbones

- Spec modules

Small JIP per module

Coordinate with GRI

activity

2 years: validation and gap | -
analysis of existing systems
Staged incorporation of new

modules

Demonstrate enhanced real -

time expert system at 5
years

Validation: $2 million over
2years
Total program: $50 million?
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Table 3. Action Plansfor Priority Topics(continued)

Completion-Based Well Design

ToriC ProbucTs/ RESOURCES (KNOWLEDGE WHo LEADS/ SCHEDULE DoLLARS
DELIVERABLES AND EXPERTISE) COLLABORATION
Develop (cheap) enhanced Develop and field demonstrate| - Structural engineering JIP for cement HT/HP cement: HT/HP cement demos
sealants and placement - Ductile cements - Metallurgy applications - Field trial in <2 years - ~$1 million per on low
techniques - Non-Portland cements Completion engineering Industry (outside)/lab/ Consortium: end
(3 votes) - Non-cement alternatives Materials science university consortium - Conceptsin 2 years - ~$10 million total
for non-cement “Blue

Integrate new approachesinto | -

models

Rheology

Sky”

Then industry review
Field testsin 5 years

Consortium:

~$5 million for first
2 years

~$10 million for field
tests
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Deep Trek Workshop

APPENDIX B: PARTICIPANTS

Fereidoun Abbassian

PM Deep Water Drilling Tech
BP

501 Westlake Park Boulevard
Houston, TX 77079

Phone: (281) 366-5631

Fax: (281) 366-2905

E-mail: abbassif1@bp.com

James Albright

Los Alamos National Laboratory
Mailstop D443

Los Alamos, NM 87544
Phone: (505) 667-4318

Fax: (505) 667-8487

E-mail: j_abright@lanl.gov

David Bacon

Consultant, DRLG

Chevron Petroleum Tech CO
2202 QOil Center Court
Houston, TX 77073

Phone: (281) 230-2638

Fax: (281) 230-2669
E-mall: dbac@chevron.com

Ansgar Baule

Technical Support Engineer

Baker Hughes Integ

2001 Rankin Road

Houston, TX 77073

Phone: (713) 625-4991

Fax: (713) 625-5201

E-mail: ansgar.baule@bakerhughes.com

Perakath Benjamin

Vice President

Knowledge Based Systems, Inc. (KBSI)
1408 University Drive East

College Station, TX 77840

Phone: (979) 260-5274

Fax: (979) 260-1965

E-mail: pbenjamin@kbsi.com

Buddy Boallfrass

Engineering Advisor

TAMU Ocean Drilling Program

1000 Discovery Drive

College Station, TX 77845-9547
Phone: (979) 845-1359

Fax: (979) 845-2308

E-mail: bollfrass@odpemail .tamu.edu

David Borns

Staff Tech, Geophysical Technology
Sandia National Laboratories

P.O. Box 5800

1515 Eubank SE

Albuquerque, NM 87123

Phone: (505) 844-7333

Fax: (505) 844-7354

E-mall: djborns@sandia.gov

Danid Bour

Technica Advisor

Halliburton

3651 Pegasus Drive

Suite 122

Bakersfidld, CA 93308

Phone: (661) 392-9782

Fax:

E-mail: daniel.bour@halliburton.com

David Burnett

Director of Technology
GPRI-Texas A & M

3116 Tamu

Texas A & M University
College Station, TX 77843-3116
Phone: (979) 845-2274

Fax: (979) 862-7407

E-mail: burnett@gpri.org
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James Carey

Assistant Vice President
Energetics, Incorporated

7164 Gateway Drive

Columbia, MD 21046

Phone: (410) 290-0370

Fax: (410) 290-0377

E-mail: jcarey@energetics.com

Robert Coats

Senior Drilling Coordinator
Baker Hughes Integ

1010 Rankin Road

Houston, TX

Phone: (713) 625-6634

Fax:

E-mail: robert.coats@inteq.com

John Cohen

Vice President

Maurer Engineering

2916 West T.C. Jester
Houston, TX 77018

Phone: (713) 683-8227 x 215
Fax: (713) 683-6418

E-mail: jhc@maurereng.com

Gary Cadllins

Senior Staff Engineer

Conoco, Inc.

P.O. Box 2197

Houston, TX 77252-2197

Phone: (281) 293-6969

Fax: (281) 293-3424

E-mail: gary.j.collins@usa.conoco.com

Blaine Comealix

Senior Product Champion, Driling Optimization
Sperry-Sun

110 Capital Drive

Suite 200

Lafayette, LA 70508

Phone: (337) 266-8310

Fax: (337) 266-8315

E-mail: blaine.comeaux2@halliburton.com

Craig Cooley

Testing and Eva uation Manager
Ussynthetic Corp.

1260 South 1600 West

Orem, UT 84058

Phone: (801) 235-9001

Fax: (801) 235-9141

E-mail: ccooley@ussynthetic.com

Eddie Cousins

Project Manager

Conoco, Inc.

600 N. Dairy Ashford

Houston, TX 77252

Phone: (281) 293-2296

Fax: (281) 293-2158

E-mall: eddie.t.cousins@usa.conoco.com

Mahlon Dennis

President

Dennis Tool Company
2020 Rankin Road
Houston, TX 77073-5100
Phone: (281) 821-9495
Fax: (281) 821-4171
E-mall: dtcsales@evl.net

Donad Dreesen

Staff Member

Los Alamos National Laboratory
Mailstop D443

Los Alamos, NM 87544
Phone: (505) 667-1913

Fax: (505) 667-8487

E-mail: dreesen@lanl.gov

Donad Duttlinger

Executive Director

Petroleum Technology Transfer Council
2916 W. T.C. Jester

Suite 103

Houston, TX 77018

Phone: (713) 688-0900

Fax: (713) 688-0935

E-mail: dduttlinger @pttc.org

Roger Entralgo

Assistant Director

Energy Research Clearing House
4800 Reearch Forest Drive

The Woodlands, TX 77381
Phone: (281) 363-7927

Fax: (281) 364-6099

E-mal: roger@erch.org

Betty Felber

Senior Scientist

National Energy Technology Laboratory/NPTO
1 West 3rd

Tulsa OK 74103

Phone: (918) 699-2031

Fax: (918) 295-6586

E-mail: bfelber@npto.doe.gov
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Mark Freeman William Hauser
Genera Manager Petroleum Engineer
Russlink Energy Corp. MMS
Drilling Research & Development 381 Elden Street
8300 Bissonnet Herndon, VA 20170
Suite 485 Phone: (703) 787-1613
Houston, TX 77074 Fax: (703) 787-1093
Phone: (713) 981-7648 E-mail: william.hauser@mms.com
Fax: (713) 272-0308
E-mall: russlink@wt.net Richard Haut

Integrated Technology Manager
Michael Fripp Halliburton Deepwater
Senior Scientist 10200 Bellaire Road
Halliburton Houston, TX 77072-5299
2601 Belt Line Road Phone: (281) 575-3037
Carrollton, TX 75006 Fax: (281) 575-3289
Phone: (972) 418-3196 E-mail: richard.haut@halliburton.com
Fax: (972) 418-4306
E-mail: michadl .fripp@halliburton.com Aston Hinds

Vice President, Global HSE
Allen Gault Halliburton
Senior Staff Engineer 3000 N. Sam Houston Parkway E.
Conoco, Inc. P.O. Box 3
P.O. Box 2197 Houston, TX 77020
Houston, TX 77252-2197 Phone: (713) 676-3948
Phone: (281) 293-3338 Fax: (713) 676-3920
Fax: E-mail: aston.hinds@halliburton.com
E-mail: allen.d.gault@usa.conoco.com

Crag Ivie
Dan Gleitman Manager Research
Director, Business Development Schlumberger Drill Bits
Halliburton Westport Technology Center Int. 6501 Navigation
6700 Portwest Drive Houston, TX 77011
Houston, TX 77024 Phone: (713) 924-5253
Phone: (713) 479-8415 Fax:
Fax: (713) 864-9357 E-mail: civie@slb.com
E-mail: dan.gleitman@halliburton.com

Jeff Jean
Leonard Graham Vice President of Operations
Deputy Director ACPT, Inc.
National Energy Technology L aboratory 15602 Chemical Lane
P.O. Box 880 Huntington Beach, CA 92649
Morgantown, WV 26507-0880 Phone: (714) 895-5544
Phone: (304) 285-4714 Fax: (714) 895-7766
Fax: (304) 285-4216 E-mail: jrjean@acpt.com
E-mail: Igraha@netl.doe.gov

Arnis Judzis
Shawna Hartman Executive Vice President
Drilling Engineer TerraTek
Chevron Petroleum Technology 400 Wakara Way
2202 Oil Center Sdt Lake City, UT 84108
Houston, TX 77073 Phone: (801) 584-2483
Phone: (281) 230-2731 Fax: (801) 584-2406
Fax: E-mal: judzis@terratek.com

E-mall: shhr@chevron.com
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Ali Kedaster

Anadarko Petroleum Corporation
17001 Northchase Drive

Suite #757

Houston, TX 77060

Phone: (281) 874-8891

Fax: (281) 874-8892

E-mal: ai_kadaster@anadarko.com

Zbigniew Karaszewski

Director

Houston Advanced Research Center
4800 Research Forest Drive

The Woodlands, TX 77381

Phone: (281) 364-6091

Fax: (281) 364-6097

E-mail: zkaraszewski @harc.edu

Sudhendu Kashikar
Deepwater Drilling Specialist
Schlumberger

1155 Dairy Ashford

Suite 402

Houston, TX 77079

Phone: (281) 556-3883
Fax: (281) 558-3756
E-mail: kashikarl@slb.com

Buddy King

Vice President, Tech Services
Noble Corp.

13135 S. Dairy Ashfons
Houston, TX

Phone: (286) 276-6100

Fax:

E-mail: bking@noblecorp.com

Jay Klassen

Senior Engineer

NEY RFOR Turbodrilling

2031 Humble Place Drive

Suite 201

Humble, TX 77338

Phone: (337) 837-8083

Fax: (337) 232-1047

E-mail: j.klassen@neyrforturbodrilling.com

Jack Kale

President

Tempress

18858 72nd Svenue South

Kent, WA 98032

Phone: (425) 251-8120

Fax: (425) 251-8123

E-mail: jkolle@tempresstech.com

Raymond LaSda

Manager, Geothermal Drilling

U.S. Department of Energy

1000 Independence Avenue

EE-12

Washington, DC 20585

Phone: (202) 586-4198

Fax: (202) 586-8185

E-mail: raymond.lasala@ee.doe.gov

Bill Lawson

Director, Nationa Petroleum Technology Office
National Energy Technology Laboratory

1 West 3rd

Tulsa, OK 74103

Phone: (918) 699-2003

Fax: (918) 295-6585

E-mail: blawson@npto.doe.gov

Thomas Laylock

Senior Drilling Engineer

Marathon QOil

P.O. Box 3128

Houston, TX 77253-3128

Phone: (713) 296-3310

Fax: (713) 513-4065

E-mail: talaylock@marathonoil.com

James Ledie

CEO

ACPT, Inc.

15602 Chemica Lane
Huntington Beach, CA 92649
Phone: (714) 895-5544

Fax: (714) 895-7766

E-mail: jcleslie@acpt.com

Roy Long

Project Manager

National Energy Technology Laboratory
P.O. Box 880

Morgantown, WV 26507-0880

Phone: (304) 285-4236

Fax: (304) 285-4469

E-mal: rlong@netl.doe.gov

Don Lyle

Senior News Editor

Hart's E & P Magazine

4545 Post Oak Place

Suite 210

Houston, TX 77027

Phone; (713) 993-9320

Fax: (713) 840-0923

E-mal: dlyle@chemweek.com
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Humboldt Mandell John Morgan

Manager, Customer Engagement Director, Operations
NASA Johnson Space Center Burlington Resources International
Houston, TX 77058 400 N. Sam Houston Parkway East
Phone: (281) 483-3977 Suite 1200
Fax: (281) 244-7478 Houston, TX 77494
E-mail: hmandell@ems.jsc.nasa.gov Phone: (281) 878-3702
Fax: (281) 878-3631
Jm Mandis E-mal: jlmorgan@br.inc.com
Drilling Engineer
Rusdlink Denby Morrison
7900 Bissonnet, 480 Offshore Technology Manager
Houston, TX 77063 Shell Globa Solutions
Phone: (713) 272-0554 Bellaire Technology Center
Fax: P.O. Box 481
E-mall: russlink@wt.net Houston, TX 77001-0481
Phone: (713) 245-7409
William Maurer Fax: (713) 245-7233
President E-mail: br37dgm@shellus.com
Maurer Engineering
2916 West T.C. Jester Keith Morton
Houston, TX 77018 Drilling Fluids Advisor
Phone: (713) 683-8227 x 208 Chevron Petroleum Technology
Fax: (713) 683-6418 2202 Qil Center
E-mail: maurer@maurereng.com Houston, TX 77073
Phone: (281) 230-2677
William McDonad Fax: (281) 230-2669
Executive Vice President E-mail: ekmo@chevron.com
Maurer Technology
2916 W.T.C. Jester Bill Motion
Houston, TX 77018 TAM
Phone: (713) 683-8227 Sperry-Sun Drilling Systems
Fax: 3000 N. Sam Houston Parkway E.
E-mail: mcdonald@maurereng.com Houston, TX 77032
Phone: (281) 871-4412
Keith Millhem Fax: (281) 871-5480
Manager, Operations, Technology, and Planning E-mail: bill.motion@halliburton.com
Anadarko Petroleum Corporation
17001 Northchase Drive Jay Muthusami
Suite #766 Research Scientist
Houston, TX 77060 Knowledge Based Systems, Inc.
Phone: (281) 874-8879 1408 University Drive East
Fax: (281) 874-8892 College Station, TX 77840
E-mail: keith_millheim@anadarko.com Phone: (979) 260-1505
Fax: (979) 260-1965
Fersheed Mody E-mail: jmuthusami @kbsi.com
Manager, Technology
Halliburton Mike Nero
3000 N. Sam Houston Parkway E. R & D Supervisor, Telemetry
Houston, TX 77032 Westherford Drilling & Intervention Service
Phone; (281) 871-5927 11909 Spencer Road
Fax: (281) 871-5810 Houston, TX 77041
E-mail: fersheed.mody@halliburton.com Phone; (713) 983-5154

Fax: (713) 983-5061
E-mall: mike.nero@weatherford.com
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Hans Neubert

Engineering Director

ACPT, Inc.

15602 Chemical Lane
Huntington Beach, CA 92649
Phone: (714) 895-5544

Fax: (714) 895-7766

E-mal: hansn@psi-pci.com

Doug Newsom

Eagle Vision Digita

4800 Research Forest Drive

The Woodlands, TX 77381

Phone: (281) 364-4061

Fax:

E-mail: doug@eaglevisiondigital.com

Paul Newsom

Consultant

2214 Nantucket Unit C
Houston, TX 77057
Phone: (713) 952-3530
Fax:

E-mail: bsa@neosoft.com

Dennis Nielson

Executive Director

DOSECC, Inc.

P.O. Box 58857

Sat Lake City, UT 84158-0857
Phone: (801) 585-6855

Fax: (801) 585-5477

E-mail: dnielson@dosecc.org

Randy Normann

PMTS

Sandia National Laboratories
P.O. Box 5800

MS-1033

Albuquerque, NM  87185-0703
Phone: (505) 845-9675

Fax: (505) 844-3952

E-mail: ranorma@sandia.gov

Earnest Parker

Prime Directional Systems
1125 Highway 90 East
Broussard, LA 70518-6155
Phone: (337) 364-2478

Fax: (337) 367-7145

E-mal: parker7164@aol.com

Marty Paulk

Applications Manager

Halliburton

9950 Westpark

Houston, TX 77032

Phone: (713) 243-2635

Fax: (713) 243-2660

E-mail: marty.paulk @halliburton.com

James Pavelka

Drilling Engineer

Kerr McGee

12711 Aries Loop

Willis, TX 77318

Phone: (281) 618-6197
Fax: (281) 618-6839
E-mal: jpavelka@kmg.com

Mike Payne

Consultant

BP

501 Westlake Park
Houston, TX 77079
Phone: (281) 366-2848
Fax: (281) 366-7356
E-mail: payneml @bp.com

John Peters

Drilling Engineer

Chevron Petroleum Technology
2202 Qil Center

Houston, TX 77073

Phone: (281) 230-2648

Fax: (281) 230-2669

E-mall: jape@chevron.com

Eugene Pollard

Research Engineer

TAMU Ocean Drilling Program
1000 Discovery Drive

College Station, TX 77845

Phone: (979) 845-2161

Fax:

E-mail: pollard@odpemail .tamu.edu

Michael Prairie

Manager, Geothermal Research
Sandia National Laboratories
P.O. Box 5800

MS 1033

Albuquerque, NM 87185-0703
Phone: (505) 844-7823

Fax: (505) 844-3952

E-mal: mrprair@sandia.gov
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Jack Pruitt

Project Manager

Halliburton Energy Services

15815 Waverly Road

Houston, TX 77032

Phone: (281) 985-2573

Fax: (281) 442-1409

E-mail: jack.pruitt@halliburton.com

Robert Radtke

Technology International, Inc.

2103 River Fal drive

Kingwood, TX 77339-3154

Phone: (281) 359-8520

Fax: (281) 359-8527

E-mail: radtke@kingwoodcable.com

Paul Rodney

Chief Scientist
Halliburton/Sperry-Sun

P.O. Box 60070

Houston, TX 77205-0070

Phone: (281) 871-4551

Fax: (281) 871-4552

E-mail: paul.rodney@halliburton.com

Steven Rountree

MWD Project Manager
Prime Directiona Systems
1125 Highway 90 East
Brossard, LA 70518-6155
Phone: (337) 364-2478

Fax: (337) 367-7145
E-mail: sprountree@aol.com

Roger Schultz

Scientific Advisor

Halliburton Energy Services

2601 Beltline Road

P.O. Box 819052

Houston, TX 75361-9052

Phone: (972) 418-3277

Fax: (972) 418-4306

E-mail: roger.schultz@halliburton.com

James Schumacher

Deepwater Drilling Advisor
Texaco

20518 Chadbury Park Drive
Katy, TX 77450

Phone: (713) 954-6060

Fax: (713) 954-6113

E-mail: schumjp@texaco.com

Earl Shanks

Director, Technology Development
Transocean Seoco Forex

P.O. Box 2765

Houston, TX 77252-2765

Phone: (713) 232-7412

Fax: (713) 232-7022

E-mail: eshanks@deepwater.com

John Shaughnessy

Staff Drilling Engineer

BP

501 Westlake Park Boulevard
P.O. Box 3092

Houston, TX 77253-3092
Phone: (281) 366-7254

Fax: (281) 366-7254

E-mail: shaughjm@bp.com

Damir Skerl

CEO

Smart Drilling & Completion, Inc.
11767 Katy Freeway

Suite 812

Houston, TX 77079

Phone: (281) 940-0122

Fax: (281) 940-0126

E-mail: dsskerl @aol.com

Pete Smullen

Manager External Technologies
Shell International EP

3737 Bellaire Boulevard
Houston, TX 77429

Phone: (713) 245-7343

Fax:

E-mail: prsmullen@shellus.com

Robert Soza

Drilling Engineer
Burlington

P.O. Box 51810

Midland, TX 79710
Phone: (915) 688-6808
Fax: (915) 688-6044
E-mail: rsoza@br-inc.com

Gene Sparkman

Director

Energy Research Clearing House
4800 Reearch Forest Drive

The Woodlands, TX 77381
Phone: (281) 363-7963

Fax: (281) 364-6097

E-mal: sparkman@erch.org
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Robert Stayton

Manager

GTI

4800 Research Forest

The Woodlands, TX 77381

Phone: (281) 363-7991

Fax: (281) 363-7990

E-mail: robert.stayton@gastechnology.org

Wayne Stewart

Technical Manager

Drilling Specidties Company, LLC
1768 Highway 123

Batlesville, OK 74004

Phone: (918) 661-1011

Fax: (918) 661-5174

E-mail: wsstewa@ppco.com

Bill Stringfellow

Engineering Specialist

Hydril Advanced Composites
8641 Moers Road

Houston, TX 77075

Phone: (713) 914-6639 x131

Fax: (713) 910-8810

E-mail: bstringfellow@hydril.com

Ronald Sweatman

Technology Leader

Halliburton Energy Services

10200 Bdllaire Boulevard

2SW?24K

Houston, TX 77072-5299

Phone: (281) 575-4389

Fax: (281) 575-4045

E-mail: ronald.sweatman@halliburton.com

Charles Thomas

Engineer

INEEL

P.O. Box 1625

MS 2110

Idaho Falls, ID 83415-2203
Phone: (208) 526-7004
Fax: (208) 526-9822
E-mal: thomcp@inel.gov

Brad Tomer

Product Manager

Nationa Energy Technology Laboratory
3610 Callins Ferry Road

Morgantown, WV 26507

Phone: (304) 285-4692

Fax: (304) 285-4216

E-mail: brad.tomer@netl.doe.gov

Paul Tubel

Owner

Tube Technologies

4800 Research Forest

The Woodlands, TX 77381

Phone: (281) 364-6030

Fax: (281) 364-6097

E-mail: paul.tubel @tubeltechnol ogies.com

Sam Varnado

Director, Infrastructure & Information Systems
Sandia National Laboratories

P.O. Box 5800

1515 Eubank Street

Albuquerque, NM 87123

Phone: (505) 845-9555

Fax: (505) 844-9066

E-mail: sgvarna@sandia.gov

Ajay Verma

Researcher

Knowledge Based Systems, Inc.
1408 University Drive East
College Station, TX 77840
Phone: (979) 260-5274

Fax: (979) 260-1965

E-mail: averma@kbsi.com

William von Eberstein

Senior Drilling Superintendant

SEPCO

701 Poydras

New Orleans, LA 70139

Phone: (504) 728-4584

Fax: (504) 728-7764

E-mail: whvoneberstein@shellus.com

Glenn Warner

Drilling Engineer

Chevron Petroleum Technology
2202 Oil Center

Houston, TX 77073

Phone: (281) 230-2606

Fax: (281) 230-2669

E-mail: ghwa@chevron.com

Steve Williamson

Vice President Engineering

Omsco Industruies

6300 Navigation

P.O. Box 230589

Houston, TX 77223

Phone: (713) 844-3724

Fax: (713) 921-0988

E-mall: swilliamson@omscoind.com

Deep Trek Workshop B-8

March 2001



Eddie Wright

Senior Operations Officer

TAMU Ocean Drilling Program
1000 Discovery Drive

College Station, TX 77845

Phone: (979) 845-3207

Fax: (979) 845-2308

E-mal: ewright@odpemail.tamu.edu

Jang Wu

Drilling Engineer

Chevron Petroleum Technology
2202 Qil Center

Houston, TX 77073

Phone: (281) 230-2658

Fax: (281) 230-2669

E-mal: jian@chevron.com

Albert Yost

Division Director

National Energy Technology Laboratory
Gas Supply Projects

P.O. Box 880

Morgantown, WV 26505

Phone: (304) 285-4479

Fax: (304) 285-4469

E-mail: abert.yost@netl.doe.gov
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